








for the presence of early and late deaths, and corpora lutea should be counted. Each live fetus should be 
removed from the uterus. The weight and sex of each live fetus should be determined. Each live fetus should 
be examined for gross malformations and then for skeletal or soft-tissue abnormalities. Additional, detailed 
procedures are found in the Food and Drug Administration Proposed Testing Guidelines for Developmental 
Toxicity Studies.(13) 

Each animal should be observed at least twice each day. The first observation should be a thorough clinical 
examination. The second may involve the observation of the animals through their cages. Observation of the 
animals through their cages is satisfactory for pregnant animals near term and for animals nursing their 
litters. Observation times should be selected to permit detection of the onset and progression of all toxic and 
pharmacologic effects of the test substance and to minimize the loss of animals and organs/tissues. Relevant 
behavioral changes and all signs of toxicity, including mortality, should be recorded. Estrous cycle length and 
normality should be evaluated daily by vaginal smears for all F0 and F1 females during a minimum of three 
weeks prior to mating and during cohabitation. The duration of gestation should be calculated from day zero 
of pregnancy. Care should be taken to prevent the induction of pseudopregnancy. 

Individual records should be maintained for all adult animals and offspring selected for the next generation. 
Toxicological and pharmacological symptoms and signs, including behavioral abnormalities, should be 
recorded daily; records should include the date of onset, duration, and intensity of symptoms and signs. 

Animals should be weighed immediately before the test substance is first administered, once weekly 
thereafter, and at necropsy. Feed consumption also should be recorded weekly at a minimum. If the 
substance is given in the diet, weekly body weights are acceptable. If the substance is given by gavage it is 
best to adjust the volume daily or every three days on the basis of the animal's body weight. Water 
consumption should be measured if the test substance is administered in the water and may also be measured 
if it is thought that the substance might influence fluid consumption. 

Each litter should be examined as soon as possible after delivery for the number of pups, stillbirths, live 
births, and the presence of gross anomalies. Dead pups should be necropsied and observed for possible gross 
defects and the cause of death unless excessive autolysis renders specimens useless. 

The neonates should be carefully observed, and their sex and weight should be noted on postnatal days zero 
(day of birth), four, seven, fourteen, and 21. Other appropriate days are acceptable to monitor postnatal 
growth and other developmental indices. 

Anogenital distance should be measured at day zero for all F2 pups that show treatment-related effects in F1 
sex ratio or sexual maturation. The age and weight of each animal on the day of vaginal opening or balano-
preputial separation should be recorded for F1 weanlings selected for mating. 

Multigeneration reproduction studies provide an excellent vehicle to screen for potential developmental 
neurotoxicity. Periodic examination of the developing offspring provides information to help detect treatment-
related changes in development, the appearance of neurological disorders, and other signs of nervous system 
toxicity. The examination of the offspring should be as brief as possible to minimize the period of separation 
from the dam. During the examination, any abnormalities in the animal's appearance or behavior should be 
noted as well as markers to gauge age-appropriate physical development (such as eye opening, genital 
development, and incisor eruption) and functional development (such as righting reflex, startle response, and 
motility). As an alternative option, satellite groups of litters (using suitable numbers for adequate statistical 
analysis) may be used to screen for developmental neurotoxicity. The inclusion of other endpoints should be 
encouraged, such as the assessment of cognitive function development. All data derived from the examination 
of the experimental offspring, including positive and negative findings, should be documented, statistically 
analyzed as appropriate, using the litter as the statistical unit, and reported. Additional information is available 
in Sobotka et al.(19) 

Multigeneration reproduction studies can screen the effects of a test substance on a developing immune 
system and evaluate the potential for immunotoxicity by the use of non-invasive (Type I) tests and invasive 
(Type II) tests.(24) Since the effects of in-utero exposure are not normally assessed in chronic, acute, and 
subchronic studies, Type I immunotoxicity testing should be conducted on exposed dams and F1 male and 
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female offspring. By careful planning, animals used or produced in the reproduction study may be evaluated 
for Type I indicators, and possibly Type II. For example, when F0 parental males have completed the mating 
cycle, representative animals could be sacrificed or fed longer if data from chronic, acute, and subchronic 
studies are not available. After weaning, F0 parental females that are no longer needed are an excellent 
source of animals for evaluating potential immunotoxicity effects. For evaluating the effects of in-utero 
exposure, neonatal specimens from culled litters could be used for histologic evaluation of the neonatal 
lymphoid organs. Only a small number of weanlings of each sex are selected for further use in the 
reproduction study; the remaining animals could be sacrificed and evaluated at three weeks or allowed to 
mature to six or eight weeks of age. At this time, Type I testing and/or functional Type II testing could be 
performed. Similar opportunities exist in the F2 generation. Additional information is available in Hinton et al.
(9) 

All adult males and females should be terminated when they are no longer needed for the assessment of 
reproductive findings. Any dam that shows signs of imminent abortion, premature delivery, or moribund 
condition should be necropsied on the day such signs are observed. Dead pups (pups that die spontaneously 
during the postpartum phase) should be necropsied and observed for possible gross defects and the cause of 
death unless they are excessively autolyzed. 

At the time of termination, all parental animals should be examined macroscopically for any structural 
abnormalities or structural changes. This should include examination of external surfaces, orifices, cranial 
cavity, carcass, and all organs. Special attention should be paid to the organs of the reproduction system. The 
uterus should be examined for the presence of implantation sites and resorptions. The uterus may be stained 
with sodium or ammonium sulfide (16) or other appropriate chemical to help visualize the implantation sites. 

a. Necropsy of Weanlings 

At the time of termination, at least two pups per sex per litter from unselected F1 and F2 weanlings 
should be examined macroscopically for any structural abnormalities or structural changes. Special 
attention should be paid to the organs of the reproduction system. 

Brain, thymus, and spleen should be weighed from the F1 and F2 weanlings that are examined 
macroscopically for structural abnormalities or structural changes. At necropsy, grossly abnormal organs 
and tissues from pups from all dose groups should be preserved and then examined histopathologically. 

b. Necropsy of Parental Animals 

At necropsy, the following organs of all F0 and F1 control and treated parental animals should be 
observed and weighed: brain, pituitary, liver, kidneys, adrenal glands, spleen, known target organs, and 
reproductive organs. Uterus and ovaries of females should be weighed. For males, both testes, seminal 
vesicles with coagulating glands, and the prostate should be weighed. In addition, the total epididymal 
weight should be determined for one epididymis that will be fixed for histopathology, and both total 
epididymal and cauda epididymal weight should be determined for the epididymides that will be used for 
observing sperm morphology, numbers, and motility. Seminal vesicles and prostates should be weighed 
separately. The source of the prostate weight should be identified (e.g., as ventral and/or dorsal and/or 
dorsolateral prostate). At necropsy, the contralateral testis and epididymis (the non-fixed testis and 
epididymis) should be utilized for the determination of homogenization resistant spermatid numbers and 
cauda epididymal sperm reserves, respectively. Additionally, sperm from the cauda epididymis (or 
proximal vas deferens) should be collected for the evaluation of sperm motility and sperm morphology. 

Since testis weight varies only slightly within a given species, a change in testis weight may indicate that 
a test substance has had an adverse effect on the testis. Seminal vesicles and prostates are androgen-
dependent organs and changes in their weights may indicate a change in the endocrine status of the 
animal or the ability of the testis to produce androgen. 

Organ weight should be reported as absolute weight and as a relative weight (e.g., organ-to-body or 
organ-to-brain weight). 

i. Fixation of Tissues and Organs 

At necropsy, the following organs and tissues, or representative samples thereof, from all parental 
animals, should be fixed and stored in a medium suitable for histopathological examination. For 
parental females, the vagina, uterus with cervix, ovaries with oviducts, adrenal and pituitary 
glands, target organs, and grossly abnormal tissue should be preserved. For parental males, one 
testis, one epididymis, seminal vesicles, coagulating glands, prostate, and adrenal and pituitary 
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glands, target organs, and grossly abnormal tissue should be preserved. Testicular tissues should 
be fixed in Bouin's or a comparable fixative and stored in a suitable medium for histopathological 
examination. Several articles and books have been written recently to describe methods that can 
be used to preserve testicular tissue and evaluate histopathology.(8),(15) If an immunotoxicity 
screen is being included in the study, the appropriate procedures and organs mentioned in 
Redbook II(24) should be followed. 

ii. General Histopathology 

Full histopathological examination of the organs should be performed for ten randomly selected 
control and high-dose F0 and F1 animals per sex. If the high-dose group reveals a treatment-
related effect, ten animals from each intermediate dose group should be randomly selected and 
examined. Tissues and organs preserved from the additional animals in each group may be 
examined to provide additional data. 

In addition, a full histopathological examination should be performed on the reproductive organs of 
animals suspected of reduced fertility from intermediate dose groups. Signs of reduced fertility 
include failure to mate, conceive, sire, or deliver healthy offspring; effects on estrous cycle; 
reduced reproductive organ weight; and reduced testicular spermatid counts or cauda epididymal 
sperm counts. 

iii. Histopathology of Female Reproductive Organs 

The post-lactational ovary should contain primordial and growing follicles as well as the large 
corpora lutea of lactation. Histopathological examination should detect qualitative depletion of the 
primordial follicle population. A quantitative evaluation of primordial follicles should also be 
conducted. If the high-dose animals reveal a treatment-related effect, all groups should be 
examined. The following evaluation technique may be used, but others may be used if the number 
of animals, ovarian section selection, and section sample size are statistically appropriate. 
Substance-induced depletion of primordial follicles can be identified by removing five sections from 
the inner third of each ovary. The sections should be at least 0.1 mm (100 µm) thick. Examination 
should include enumeration of the total number of primordial follicles from these ten sections for 
comparison with control ovaries. Examination should also confirm the presence or absence of 
growing follicles and corpora lutea in comparison with control ovaries. Additional information can 
be found in Bolon et al.,(1) Bucci et al.(2) and Heindel.(7) 

iv. Histopathology of Male Reproductive Organs 

Histopathological assessment of the epididymis should include an evaluation of the corpus, cauda 
and caput epididymis. This can be accomplished by examining a longitudinal section through all 
three regions of the epididymis in order to identify such lesions as sperm granulomas, leukocyte 
infiltration, aberrant cell types within the lumen, or the absence of clear cells in the cauda 
epididymal epithelium.(5) 

Careful histopathological examination of the testis is recognized as a sensitive method to identify 
effects on spermatogenesis. Testicular tissue should be examined with a knowledge of testis 
structure, the process of spermatogenesis, and the classification of spermatogenesis. If an effect is 
observed, it should be described in detail.(15) If testicular effects are quantitated, the methods 
used should be described in detail. 

A thorough histological evaluation of the testis should include an examination of the interstitial 
compartment and the seminiferous tubule compartment. A histopathological evaluation of the 
intertubular cell compartment of the testis should include a general assessment of the Leydig cells, 
the blood vessels, and the cell types other than the Leydig cells typically found in the intratubular 
space. The general appearance of the seminiferous tubules should be noted This should be followed 
by an examination of the seminiferous tubule compartment to detect any disruption in the normal 
sequence of the events that occurs during the normal process of spermatogenesis. The 
seminiferous epithelium should then be carefully observed to detect any of the following: presence 
of multinucleated cells, missing germ cell layers, increased germ-cell degeneration, abnormal 
development in germ cells, sperm release delay or failure, presence of germ cells in the 
seminiferous tubule lumen, and any changes in the Sertoli cells (vacuolization, sloughing, or 
nuclear changes). The general condition of the boundary layer should be noted. 

D. End Points of Female Reproductive Toxicity
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End points of reproductive toxicity are usually expressed as indices that encompass the animals' responses to 
the test substance from conception to weaning. The following indices should be calculated for each 
reproduction study: female fertility, gestation, and live-born indices; weaning index or lactation index; sex 
ratio; and viability indices at postnatal days four, seven, fourteen, and 21. 

The female fertility index represents the percent of matings that result in pregnancies. It is calculated as 
follows: (number of pregnancies/number of matings) X 100. This index reflects the total number of dams that 
have achieved pregnancy, including those that deliver at term, abort, or have fully resorbed litters. This index 
depends on male libido and fertility as well as female cyclicity and receptiveness. 

The gestation index evaluates the efficiency of pregnancy that results in at least one live offspring. In this 
index, the litter with one live offspring is counted the same as one with more than one live offspring. The 
index is calculated as follows: (number of litters with live pups/number of pregnancies) X 100. 

Related to the gestation index, the live-born index (number of pups born alive/total number of pups born) X 
100 is a measure of the total number of offspring lost, regardless of litter. 

The weaning index represents the ability of pups to survive from day four to day 21. It is calculated as 
follows: (number of pups alive at day 21/number of pups alive and kept on day four) X 100. This index 
corrects for the reduction of pups on day four. If the pups are not reduced, a related index, the lactation 
index, is calculated: (number of pups alive on day 21/number of pups alive on day four) X 100. Regardless of 
the etiology, a decrease in the weaning index indicates adverse reproductive effects. 

Determining the sex of pups at birth and verifying their sex at each weighing permits the relative fitness of 
each sex to be calculated as the offspring mature. The sex ratio is useful in detecting if the test substance is 
preferentially affecting one sex. This parameter is usually calculated as follows: (number of males/number of 
females). The related calculation (number of females or males/total number of animals) X 100 yields the 
percentage of total animals that are male or female. 

The viability indices are measures of the offsprings' ability to survive during specific brief intervals of their 
lives, from birth (day zero) to day four, day four to day seven, day seven to day fourteen, day fourteen to day 
21, or they may reflect longer intervals, such as day zero to day seven, day zero to day 21, etc. For example, 
the day seven viability index is calculated as follows: (number of pups alive on day seven/number of pups 
alive and kept on day four) X 100. The pups' ability to survive may reflect the adequacy of postnatal 
nourishment, maternal neglect, and postnatal absorption of a toxic substance that is excreted in the mother's 
milk. Regardless of etiology, decreases in viability indices indicate adverse reproductive effects. Other 
appropriate days are acceptable to monitor postnatal growth and other developmental indices. 

The following end points of male reproductive toxicity should also be assessed if there is evidence of male-
mediated effects on developing offspring. End points should be measured in all animals in each of the control 
and high dose groups. If treatment-related effects are observed, then animals from each intermediate dose 
group should be evaluated. 

Testicular spermatid enumeration is a measure of sperm production from the stem cells and their survival 
through all phases of spermatogenesis. The enumeration of spermatid numbers should primarily be used in 
chronic studies where spermatid numbers have stabilized; in short-term studies treatment may not have 
impacted the late spermatid population. From the number of spermatids per testis, the efficiency of sperm 
production and daily sperm production rate can be calculated.(14) 

The second testis (first testis was used for histopathology) from all F0 and F1 generation males used for 
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mating should be collected and stored frozen until testicular spermatid numbers are enumerated. 
Homogenization-resistant spermatid numbers may be determined by enumerating elongated spermatid nuclei 
after the testis has been homogenized in a medium containing detergent.(14) 

Motility is influenced by abstinence, the time between obtaining and evaluating the sample, pH of the medium, 
sample chamber depth, and temperature. Sperm samples obtained from the cauda epididymis (or proximal 
vas deferens) should be collected and evaluated for the percent of progressively motile sperm. (17) Care 
should be taken to avoid artifactual cell death during sample preparation so that the percentage of 
progressively motile sperm from control animals is consistently high (>70%).(11) 

Sperm motility can be assessed by microscopic techniques or with a computer-assisted sperm analysis (CASA) 
system.(17) For microscopic evaluation, an acceptable counting chamber of sufficient depth is used to combine 
the assessment of motility with sperm numbers and sperm morphology. When the CASA system is utilized,(3),
(18),(20) the derivation of progressive motility relies on user-defined thresholds for average path velocity and 
straightness or linear index. All samples should be videotaped or otherwise recorded. The video may be 
retained as raw data. In the event that sperm motility is not videotaped, then a sperm motility assessment 
from all animals in all dose levels should be performed. 

Inasmuch as sperm morphology in rodents is generally stable, characteristic of the animal strain, and exhibits 
little variability, an increase in the number of morphologically abnormal sperm indicates that the test 
substance has gained access to the germ cells. This should be considered an adverse reproductive effect. 
Sperm should be collected from all F0 and F1 generation males selected for mating from the control and all 
dose levels for sperm morphology analysis. 

Sperm (minimum 200 per sample) from the cauda epididymis or proximal vas deferens should be examined 
as a fixed wet preparation (12),(17) and classified as either normal (both head and midpiece appear normal) or 
abnormal (i.e., fusion, isolated heads, misshapen heads and/or tails).(26) 

The total number of sperm in the cauda epididymis should be enumerated.(14) Cauda sperm reserves can be 
derived from the concentration and volume of sperm in the suspension used to complete the qualitative 
evaluations, and the number of sperm recovered by subsequent mixing and/or homogenizing the remaining 
cauda tissue. Sperm in the concentrated suspension can be frozen for subsequent evaluation of cauda 
epididymal sperm numbers. If sperm counts are reported in relation to the weight of the epididymis, the 
absolute counts should be reported in order to clarify declines in sperm number. 

Values from control and test groups of animals should be compared statistically. The following techniques may 
be used, but others may be substituted if they are appropriate. The fertility and gestation indices may be 
analyzed by a one-tailed Fisher exact test. For the sex ratio index, a two-tailed Fisher exact test may be used. 
Data for the viability and weaning indices may be transformed by the Freeman-Tukey arc-sine transformation 
for binomial proportions. The transformed data may then be analyzed by an analysis of variance (ANOVA) 
followed by a one-tailed protected least significant difference (LSD) test to compare the control with the 
treated groups if the ANOVA p<0.10. The average litter size and the number of viable pups throughout the 
reproduction phase may be analyzed by ANOVA followed by a protected LSD test (one-tailed). For the growth 
(weight gain) and organ weight analyses, an analysis of covariance may be used followed by a protected LSD 
test (two-tailed) to compare the control and treated groups. 

Reports of all reproduction studies should contain the information required by the Good Laboratory Practice 
Regulations, including a copy of the study protocol and all amendments, absolute values for all parameters, 
complete data (individual pups) and tables of data summarized and analyzed by litter. Because the maternal 
animal and not the developing organism is the individual treated during gestation, data generally should be 
calculated as incidence per litter or as number and percent of litters with particular end points. All major 
indices and end points discussed in the previous section should be calculated. The dosage rate of test 
substance (doses) should be reported as mg/kg/day (milligrams of test substance per kilogram of body weight 
per day). 

Problems commonly encountered in the review of multigeneration reproduction studies include: insufficient 
numbers of pregnant animals per control or treatment group, non-random selection procedures, and statistical 
analyses of data on a per-pup basis instead of a per-litter basis. Careful consideration of recommended 
guidelines and the submission of protocols for review by FDA before conducting the studies should help 
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eliminate such problems. 

In addition to the various indices in reproduction studies, data on the average number of pups that survived 
during a specific interval (e.g., average number of pups that survived from birth to day four, or the average 
number of pups that were weaned) should be examined. This analysis considers the total effect of the test 
substance at all stages to that point and is a more sensitive indicator than each index separately. 

Relevant historical control data may be used to increase the understanding of the study results. When used, 
historical data should be compiled and presented with appropriate additional information, such as dates of 
study, strain of animals, vehicle, and route of administration. 
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This guidance represents the Food and Drug Administration's (FDA's) current thinking on this topic. It 
does not create or confer any rights for or on any person and does not operate to bind FDA or the 
public. You can use an alternative approach if the approach satisfies the requirements of the applicable 
statutes and regulations. If you want to discuss an alternative approach, contact the FDA staff 
responsible for implementing this guidance. If you cannot identify the appropriate FDA staff, call the 
appropriate number listed on the title page of this guidance. 

The Food and Drug Administration (FDA) is the agency responsible for ensuring that food ingredients used in 
the U.S. are safe for all consumers. In 1982, in an effort to provide guidance concerning appropriate tests, the 
FDA issued Toxicological Principles for the Safety Assessment of Direct Food Additives and Color Additives 
Used in Food, commonly known as the Redbook.(7) The Redbook included detailed guidelines for testing the 
effects of food ingredients on mothers and their developing fetuses. Based on refinements in safety 
assessment and risk evaluation as well as expansion of knowledge concerning the metabolism and 
pharmacokinetics of food ingredients, the need to revise and update the 1982 document became apparent. In 
1993, Redbook II in draft form(8) was made available for public comment. Since then, test end points and 
developmental landmarks have been refined. The latest proposed guidelines for developmental toxicity studies 
are provided here. 

The Food and Drug Administration (FDA) is the agency responsible for ensuring that food ingredients used in 
the U.S. are safe for all consumers. In 1982, the FDA issued Toxicological Principles for the Safety Assessment 
of Direct Food Additives and Color Additives Used in Food.(7) Based on the color of its cover, the book quickly 
became known as the Redbook. The Redbook included detailed guidelines for testing the effects of food 
ingredients on mothers and their developing fetuses. The tests included a chapter on 
teratology/developmental toxicity studies as well as reproduction studies that spanned several generations. 
Guidelines for teratology/developmental toxicity studies are discussed here; guidelines for multigeneration 
studies are discussed in Chapter IVC9a 2. 

Based on refinements in safety assessment and risk evaluation as well as expansion of knowledge concerning 
the metabolism and pharmacokinetics of food ingredients, the need to revise and update the 1982 document 
became apparent. In 1993, Redbook II in draft form was made available for public comment.(8) Changes in 
the chapter on reproduction and teratology/developmental toxicity guidelines were based on extensive 
literature review and public comments. In late 1996, current drafts of this and several other chapters of 
Redbook II were presented at a Redbook Update Symposium and the guidelines were compared with current 
draft guidelines from other national and international regulatory groups.(2) Since then, test end points and 
developmental landmarks have been refined. The latest proposed guidelines for developmental toxicity studies 
are provided here in Redbook 2000. 
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In a developmental toxicity study, the test substance is administered to pregnant animals at least from the 
day of implantation to the day prior to the day of expected parturition. A short time before the day of 
expected parturition, the pregnant females are euthanized, the uterine contents are examined, and the 
fetuses are removed. The fetuses are observed, preserved, and examined for skeletal and soft-tissue 
abnormalities. 

The purpose of developmental toxicity studies is to evaluate the effects of test substances on developing 
fetuses that result from exposure of either parent prior to conception or to mothers during prenatal 
development. The adverse effects are as end points that may be used to evaluate the toxic potential of a test 
substance. The four major manifestations of an effect on the developing organism are: death, structural 
anomaly, altered or retarded growth, and functional deficiency. For many substances, these manifestations 
are related to dosage and to the developmental timing and duration of exposure. While high doses produce 
death, low doses that permit survival may produce malformed, growth retarded, or functionally deficient 
offspring. 

The developmental toxicity test may be done as a stand-alone study, or may be part of a multigeneration 
reproduction study. If it is combined with a reproduction study, assessment of teratological effects may be 
performed on either the first or second generation, but it is usually performed on the last litter of the 
generation to maximize exposure to the test agent. As part of a multigeneration study, the fetuses may be 
exposed to the test substance from conception. In a stand-alone study, treatment must begin early enough to 
include organogenesis for the species used and should continue to the day prior to the expected day of 
parturition. This guideline may be used with substances given orally to the rat, mouse, hamster, and rabbit. If 
the test substance is believed to have the capacity to alter the rate of its own metabolism through induction of 
metabolizing enzymes or as a result of damage incurred by the liver, then consideration should be given to 
evaluating the teratogenic potential of the compound by using a separate study. 

The following recommendations are applicable to all FDA toxicity studies: 

1. Studies should be conducted according to Good Laboratory Practice Regulations (GLPs).(6)  

2. Animals should be cared for, maintained, and housed according to the recommendations contained in the 
Guide for the Care and Use of Laboratory Animals.(3)  

3. Healthy animals that have not been subjected to previous experimental procedures should be used. 
Generally, it is not possible to treat animals for infection during the course of a study without the risk of 
interaction between the treatment drug and the test substance. The females should not be pregnant and 
should be nulliparous.  

4. Test animals should be characterized by reference to their species, strain, sex, and weight or age.  

5. Animals should be assigned to control and experimental groups in a stratified random manner to 
minimize bias and ensure compatibility across experimental and control groups for statistical purposes. 
Each animal must be assigned a unique number.  

A dose range-finding study is recommended to determine the most appropriate doses, unless suitable 
pharmacokinetic and metabolic data concerning the test substance are available prior to the start of the study. 
The dose range-finding study should preferably, but not necessarily, be done in pregnant animals. Comparison 
of the results from a trial study in non-pregnant animals and a main study in pregnant animals should 
establish whether the test substance is more or less toxic in pregnant animals than in non-pregnant animals. 

When pharmacokinetic and metabolic data or other information on the test substance suggest the most 
appropriate species for developmental toxicity testing, that species should be used. In the absence of such 
data, the preferred species are the rat and rabbit. These guidelines include information on the mouse and 
hamster in addition to the rat and rabbit. These animals are small, easy to care for, and have historically 
provided consistent results that can be extrapolated to human effects. The strains selected should have high 
fecundity and should be sensitive to teratogens and embryotoxins. Scaling of doses between species should be 
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based on pharmacokinetic differences between them, unless precluded by differences in overt toxicity. 

Single housing of the animals is recommended, except during mating. Food and water should be provided ad 
libitum. The animals' diet should meet all nutritional requirements to support pregnancy in the test species. 
Special attention should be paid to diet composition when the test material itself is a nutrient, because such 
material may have to be incorporated into the diet at levels which may interfere with normal nutrition. Under 
these circumstances, an additional control group fed basal diet may be necessary. 

All test and control animals should be young, mature, primiparous, pregnant females of uniform age and size. 
A sufficient number of females should be used so that each test and control group consists of approximately 
20 pregnant rats, mice, hamsters, or rabbits near term. These are the minimum numbers of pregnant animals 
for developmental toxicity testing. The objective is to ensure that enough litters are produced to permit 
effective evaluation of the teratogenic potential of the test substance. 

The test substance should be administered daily throughout the treatment period. The minimum treatment 
period recommended for developmental toxicity studies is from implantation to Cesarean section one day prior 
to the expected day of parturition. In rats the approximate timing for this period includes days six through 
twenty; in mice, days six through eighteen; in hamsters, days four through fifteen; and in rabbits, days six 
through 29. Alternatively, treatment may be extended to include the entire period of gestation, from 
fertilization to the day of Cesarean section. If the developmental toxicity test is being conducted as part of a 
multigeneration reproduction study, the animals are dosed from before conception until they are necropsied. 
The presence of sperm in the vaginal lavage or the presence of a vaginal plug is considered day zero of 
gestation. 

The test substance or vehicle should be administered by the route that most closely approximates the pattern 
of human exposure (diet or drinking water). Oral intubation (gavage) may be appropriate in instances where 
human exposure is via a bolus dose or when it is essential for the animal to receive a specified amount of the 
test substance. Gavage may also be required when analysis of the agent in the diet is not possible, when the 
agent is not stable in the diet, or when the agent is not palatable. The maximum volume of solution that can 
be given by gavage in one dose depends on the test animal's size; for rodents, this should not exceed 1 
ml/100 g body weight. If the test substance must be given in divided doses, all doses should be administered 
within a six-hour period, unless there is justification for increasing the duration of dosing. If the test substance 
is given by gavage, it should be given at approximately the same time each day, and the volume should be 
adjusted on a daily basis or every three days based on the animal's body weight. In diet and drinking-water 
studies, the amount consumed depends on each animal. 

In-house mating of the animals is recommended. A sufficient number of males should be mated to ensure a 
large gene pool. Siblings should not be mated. Each male may be mated to either one or two females. The 
following morning, each female should be examined for the presence of sperm in the vaginal lavage or the 
presence of a sperm plug. The presence of sperm in the vaginal lavage or the presence of a vaginal plug is 
considered day zero of gestation (day zero of gestation in rabbits is the day insemination is performed or 
observed). 

Healthy animals should be assigned to test and control groups in a stratified random manner to minimize 
inter-group weight differences and ensure statistical comparability of relevant variables. The animals may also 
be assigned in a random procedure which results in comparable mean body weight values among all groups. 
At least three test groups and one control group should be used in the developmental toxicity study. All 
groups should be concurrent. 

When the test substance is administered in a vehicle, the vehicle without the test substance should be 
administered to the control group at a volume equal to the maximal amount of vehicle given to any dosed 
group. If a vehicle or other additive is used to facilitate dosing, the effects on absorption, distribution, 
metabolism, or retention of the test substance should be considered, as well as alterations of toxicity due to 
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effects on the chemical properties of the test substance. Effects of the vehicle on food consumption, water 
consumption, or nutritional status of the animals should also be considered. 

If there are insufficient data on the toxic properties of the vehicle used in administering the test substance, a 
sham control group should also be included. If no vehicle is used, then the controls should be sham treated. 
In all other respects, the control group must be handled and maintained in a manner identical to that used 
with the groups given the test substance. 

Unless limited by the physical or chemical properties of the substance, the high dose should induce some 
developmental and/or maternal toxicity but not more than approximately ten percent mortality. The high dose 
should not exceed five percent of the diet for non-nutritive additives. In dietary studies for macronutrient 
additives, the high dose should be based on nutritional effects rather than toxicological end points. 

The low dose should not induce observable effects attributable to the test substance and should be set at a 
level which is expected to provide a margin of safety. The intermediate doses should be spaced to allow an 
arithmetic or geometric progression between the low and high doses. The addition of one or more groups is 
preferable to the use of large intervals between doses. 

End points which may serve as indicators of maternal toxicity include mortality, body weight, body weight 
gain, organ weights, feed and water consumption, clinical signs of toxicity, and gross or microscopic lesions. 
The calculation of a corrected mean maternal weight gain (difference between initial and terminal maternal 
body weight less the gravid uterus weight) may also be used as an index of maternal toxicity. 

Various test substances have selective toxic effects on the male, the female, or the offspring, while other 
substances exhibit non-specific effects. When mother and offspring are adversely affected by a test substance, 
it can be difficult to determine if the developmental toxicity is mediated by maternal toxicity or occurs 
independently of it. Due to differences in metabolism, distribution, and elimination of the test substance, the 
sensitivity of the maternal system can vary significantly from that of the fetus. The response of the fetus can 
also differ markedly from that of the mother as a result of the developmental processes taking place that have 
no counterpart in the adult. 

Developmental effects without maternal toxicity are commonly regarded as the most serious manifestations of 
toxicity, because their occurrence is thought to be the result of greater sensitivity of the developing organism. 
When developmental effects are found in the presence of maternal toxicity, the primary cause is often left to 
speculation. Without sufficient evidence to support the premise that developmental toxicity is always a 
secondary toxic effect in the presence of maternal toxicity, a default is needed. Developmental effects that 
occur in the presence of minimal maternal toxicity are thus considered to be evidence of developmental 
toxicity, unless it can be established that the developmental effects are unquestionably secondary to the 
maternal effects. In situations where developmental effects are observed only at doses where there is a 
substantial amount of maternal toxicity, then the possible relationship between maternal toxicity and the 
developmental effects should be evaluated in order to make a proper assessment regarding the toxicity of a 
test substance. 

Throughout the study, each animal should be observed at least twice daily. The first observation should be a 
thorough clinical examination. The second may involve observing the animals through the cages. Observation 
times should be selected to permit detection of the onset and progression of all toxic and pharmacologic 
effects of the test substance and to minimize the loss of animals and organs/tissues. Relevant behavioral 
changes and all signs of toxicity, morbidity, or mortality should be recorded. 

Dams should be weighed immediately before the first dose of the test substance is administered (usually on 
gestation day six for mice, rats, and rabbits; on gestation day four for hamsters), weekly until necropsy, and 
at the time of necropsy. If the test substance is given in the diet, weekly body weight is acceptable. If the test 
substance is given by gavage, body weights should be measured daily or at least every three days. At a 
minimum, weekly measurements of feed consumption should be made. Fluid consumption should be 
measured as appropriate. Any dam that shows signs of imminent abortion or premature delivery during the 
study should be necropsied on the date such signs are observed. 

The test should be terminated approximately one day before the expected day of parturition (day 20 or 21 for 
rats, day 29 for rabbits, day eighteen for mice, and day fifteen for hamsters), when the dams should be 
subjected to gross pathologic examination. Immediately after the dams are killed, fetuses should be delivered 
by hysterotomy. Care should be taken to ensure that all fetuses (except those sacrificed before the end of the 
study) are delivered at approximately the same stage of fetal development. The intact uterus should be 
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removed and weighed in order to calculate the adjusted body weight gain. The contents of the uterus should 
then be examined for embryonic or fetal deaths and for the number of live fetuses. For dead fetuses, it is 
usually possible to estimate and describe the approximate time of death in utero (early and late deaths). The 
number of corpora lutea should be determined for all pregnant animals. 

The uterus of each dam that does not appear to be pregnant should be stained in a solution of sodium or 
ammonium sulfide(4) or other appropriate chemical to enhance the visibility of resorption sites. Evaluation of 
the females during Cesarean sections and subsequent fetal analyses should be conducted blind in order to 
minimize unconscious bias. 

After removal from the uterus, the weight and sex of each fetus should be determined. The fetus should be 
examined externally, and all deviations from normal should be noted. Additional end points may be measured, 
such as the crown-to-rump distance of each fetus. The sex of rabbit fetuses should be determined by internal 
examination. Each fetus should be weighed individually, and the mean fetal weight per sex per group should 
be calculated. 

Fetuses should be evaluated for skeletal and soft-tissue anomalies. For rodents, approximately one-half of the 
rodent fetuses should be preserved in Bouin's solution and sectioned by the Wilson serial section technique to 
evaluate alterations of the soft tissues.(9) The remaining fetuses should be prepared and stained for skeletal 
anomalies (Alizarin red stain for bone and optional Alcian blue stain for cartilage). The assignment to soft-
tissue or skeletal examination should be done randomly or alternately. The alternation procedure is sometimes 
not followed when an abnormality is found which would be better observed by a different technique. For 
example, a specimen with an obvious skeletal defect would be prepared for skeletal examination. For 
identification of rodent bones, the atlas of Yasuda and Yuki (10) may be consulted. Alternatively, all rodent 
fetuses may be freshly dissected (1),(5) to discover soft-tissue abnormalities, then fixed and examined for 
skeletal anomalies. 

Each rabbit fetus should be examined for both soft-tissue and skeletal malformations and variations. The 
bodies should be evaluated for soft-tissue anomalies by fresh dissection, followed by fixation and an 
examination for skeletal anomalies. Internal head structures should be evaluated in at least one-half of the 
fetal heads of rabbit fetuses. This evaluation should include at least the eyes, brain, nasal passages, and 
tongue. 

When a developmental toxicity study is performed as a stand-alone study, there is no need to perform 
histopathology unless abnormalities are noted in the organs at the time of Cesarean section. 

Because the maternal animal is treated during gestation rather than the developing organism, data should be 
calculated as incidence per litter or as the number and percent of litters with particular end points. The degree 
of maternal toxicity may be useful in assessing the relevance of any embryotoxicity or fetotoxicity observed in 
the treated groups. Parameters used to measure maternal toxicity include body weight and adjusted body 
weight, feed and fluid consumption, daily clinical observations, and necropsy data such as organ weights. 

If treatment is given throughout gestation, implantation may be affected. If, however, treatment begins after 
implantation, conception and implantation rates should be the same in control and treated groups. End points 
to be measured per litter should include the number of implantations, corpora lutea, live fetuses (and with 
separate sexes), dead fetuses, and resorbed fetuses. For litters with live fetuses, mean male and female body 
weights and the incidence per litter of all divergences from normal fetal development (skeletal and visceral 
analysis) should also be reported. 

  

Values from control and test groups of animals should be compared statistically. The following techniques may 
be used, but others may be substituted if they are appropriate. Maternal body weights may be compared by 
analysis of co-variance after adjustment for initial body weight, and then analyzed by protected least 
significant difference tests. Fetal body weights may be evaluated using nested analysis of variance. Anomalies 
in litters may be compared by Fisher's exact test. Fetal survival and incidence of abnormalities per litter may 
be compared by analysis of variance after the data have been transformed by use of the Freeman-Tukey arc-
sine transformation. 
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1. http://www.fda.gov/Food/GuidanceComplianceRegulatoryInformation/GuidanceDocuments/FoodIngredie
ntsandPackaging/Redbook/default.htm  

2. http://www.fda.gov/Food/GuidanceComplianceRegulatoryInformation/GuidanceDocuments/FoodIngredie
ntsandPackaging/Redbook/ucm078396.htm 

Reports of all studies should contain the information required by the Good Laboratory Practice Regulations, 
including a copy of the study protocol and all amendments, absolute values for all parameters, complete data 
(individual pups) and tables of data summarized and analyzed by litter. Because the maternal animal is 
treated during gestation rather than the developing organism, data should be calculated as incidence per litter 
or as number and percent of litters with particular end points. The dosage rate of the test substance (doses) 
should be reported as mg/kg/day (milligrams of test substance per kilogram of body weight per day). 

Problems commonly encountered in the review of developmental toxicity studies include insufficient numbers 
of pregnant animals per control or treatment group, non-random selection procedures, and statistical analyses 
of data on a per-fetus basis instead of a per-litter basis. Careful consideration of recommended guidelines and 
a review of protocols by the Agency before studies are conducted should help eliminate such problems. 

Relevant historical control data may be used to increase the understanding of the study results. When used, 
historical data should be compiled and presented in an appropriate manner with additional information, such 
as dates of study, strain of animals, vehicle, and route of administration. 
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This guidance represents the Food and Drug Administration's (FDA's) current thinking on this topic. It 
does not create or confer any rights for or on any person and does not operate to bind FDA or the 
public. You can use an alternative approach if the approach satisfies the requirements of the applicable 
statutes and regulations. If you want to discuss an alternative approach, contact the FDA staff 
responsible for implementing this guidance. If you cannot identify the appropriate FDA staff, call the 
appropriate number listed on the title page of this guidance. 
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This chapter defines neurotoxicity and the broad spectrum of adverse effects to the nervous system that may 
occur in the adult and developing organism. Emphasis is placed on the need to effectively minimize the risk of 
human neurotoxicity by assessing the neurotoxic potential of food ingredients. The chapter proceeds with 
explicating the nature and extent of information needed for an assessment of neurotoxic potential and 
suggests a strategy for obtaining this information as a routine part of the toxicological testing to evaluate the 
safety of chemicals proposed for use as food ingredients. Consistent with the basic strategy advocated by FDA 
for toxicological testing, the assessment of neurotoxic potential would be most effectively carried out through 
a structured process of tiered testing in which chemicals are initially screened for signs of neurotoxicity as part 
of those toxicity studies recommended for entrance-level testing of proposed food ingredients . Chemicals 
identified as possible neurotoxicants become candidates for subsequent special neurotoxicity testing designed 
to confirm and characterize the scope of nervous system involvement and to determine dose-response 
characteristics, including a quantitative determination of the no-observed-adverse-effect level. The basic 
elements of a neurotoxicity screen and of special neurotoxicity testing are presented and the principle points 
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to consider in protocol design are discussed. 

  

  

The nervous system regulates and maintains diverse biological processes that are essential not only for 
survival but also for maintaining an acceptable quality of life. The proper functioning of the nervous system 
enables an organism to receive information from its internal and external environments and to orchestrate 
appropriate adaptive physiological and behavioral responses. An extensive body of data demonstrates that 
diverse chemical substances can alter the structure and function of the nervous system in a variety of ways 
with notable human health consequences(1). Alterations that significantly compromise an organism's ability to 
function appropriately in its environment are considered adverse. Neurotoxicity refers to any adverse effects 
of exposure to chemical, biological or physical agents on the structure or functional integrity of the developing 
or adult nervous system. Neurotoxic effects may involve a spectrum of biochemical, morphological, 
behavioral, and physiological abnormalities whose onset can vary from immediate to delayed following 
exposure to a toxic substance, and whose duration may be transient or persistent. Depending upon their 
severity, some of these abnormalities may have life-threatening consequences; more commonly, they result 
in diminished quality of life. Neurotoxicity may result from effects of the toxic substance acting directly on the 
elements of the nervous system or acting on other biological systems which then adversely affect the nervous 
system. From a safety standpoint neurotoxic effects resulting from either a direct or indirect action of a 
chemical on the nervous system are important components of a chemical's toxicological profile. However, in 
those instances where neurotoxicity occurs secondary to some non-nervous system toxicity, the latter would 
typically represent the more sensitive endpoint. 

 In 1982, the FDA issued guidelines for toxicological testing of food ingredients(2). Although neurotoxicity was 
neither explicitly discussed nor defined in these guidelines, there were certain elements included in the 
conventional toxicity studies which have traditionally been used to assess nervous system toxicity. In general, 
these included a routine pathological evaluation of neuronal tissue and cage-side observations for clinical signs 
of toxicity. In 1985, FDA commissioned the Federation of American Societies for Experimental Biology (FASEB) 
to assess the utility of these current FDA guidelines for detecting neurotoxic hazards.(3) One conclusion of the 
FASEB report was that the current guidelines are too broad and nonspecific with respect to the nature and 
extent of information which needs to be provided to the FDA for an evaluation of a chemical's neurotoxic 
potential. The limited information derived from conventional toxicity screening studies, as currently conducted 
and reported, enables little more than the detection of clearly evident nervous system toxicity associated with 
general neuropathology and overt neurological dysfunction. Little consistent or systematically documented 
information is typically available about other possibly less severe, but equally important, types of neurotoxic 
effects including, for example, behavioral and physiological dysfunction and developmental neurotoxicity. 
Incomplete documentation about the range of adverse effects to the structural and functional integrity of the 
nervous system limits the effective evaluation of the full spectrum of neurotoxic hazards.(4) The present FDA 
guidelines are intended to explicate more clearly the nature and extent of information deemed necessary for 
the assessment of neurotoxic potential and to suggest a strategy for obtaining this information as part of the 
safety evaluation process. 

 Until recently, neurotoxicity was equated with neuropathy involving frank neuropathological lesions or overt 
neurological dysfunctions, such as seizure, paralysis or tremor. Examples of chemically induced neuropathy in 
humans (for example, from exposure to domoic acid, lead, organic mercury, hexane, carbon disulfide, and tri-
ortho-cresylphosphate) emphasize the need for assessing the neurotoxic potential of chemicals to which 
humans may be exposed.(5) Although neuropathy is appropriately recognized as a manifestation of 
neurotoxicity, it is now clear that there are numerous other endpoints which may signal nervous system 
toxicity.(6) Ongoing research on nervous system toxicity continues to reveal the diversity of biochemical, 
structural, and functional abnormalities that toxicants can elicit, both directly and indirectly.(7) Neurotoxic 
chemicals invariably initiate their effects at the molecular level, altering cellular neurochemical processes. The 
qualitative nature of these alterations or their magnitude may be such as to result in cytoarchitectural changes 
and neuropathological effects accompanied by nervous system dysfunction expressed as physiological or 
behavioral abnormalities.(8) Motor incoordination, sensory deficits, learning and memory impairment, changes 
in emotion, and altered states of arousal in the adult and the developing organism are examples of deficits 
recognized as functional indices of possible neurotoxicity. Notably, physiological or behavioral dysfunctions 
may occur prior to, or even in the absence of, evident neuropathology or other signs of toxicity.(9) This is 
exemplified by the behavioral dysfunctions associated with exposure to such neuroactive chemicals as 
barbiturates, amphetamines, ethanol, lead, and carbon monoxide at exposure levels that elicit little or no 
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apparent signs of neuropathy.(10) This dissociation of neuropathology and functional changes may involve a 
number of factors, including the intrinsic toxicity of a chemical and, particularly, the dose and regimen of 
exposure. Continued reliance on neuropathy as the primary criterion of neurotoxicity is overly simplistic and 
does not adequately reflect contemporary concerns about the broader spectrum of potential neurotoxic effects 
on the adult and developing organism. 

 Among the various approaches that can be used for assessing neurotoxicity, behavioral testing in conjunction 
with neuropathological evaluation represent a practical means of obtaining a relatively comprehensive 
assessment of the functional development and integrity of the nervous system within the context of a 
standard toxicity study.(11) Behavior is an adaptive response of an organism, orchestrated by the nervous 
system, to some set of internal and external stimuli. A behavioral response represents the integrated end 
product of multiple neuronal subsystems including sensory, motor, cognitive, attentional, and integrative 
components, as well as an array of physiological functions.(12) As such, behavior can serve as a measurable 
index of the status of multiple functional components of the nervous system. Since behavioral testing is non-
invasive, it can be applied repeatedly for longitudinal assessment of the neurotoxicity of a test compound, 
including persistent or delayed treatment-related effects.(13) Furthermore, since neuronal function can be 
influenced by the status of other organ systems in the body (e.g., cardiovascular, endocrine, and immunologic 
systems), certain types of behavioral changes may indirectly reflect significant primary toxicity in other organ 
systems. For this reason it is important to emphasize that the assessment of neurotoxicity necessitates an 
integrated interpretation of all toxicologic data. 

 Behavioral testing has been established as a reliable toxicological index in safety assessment. Considerable 
progress has been made in the standardization and validation of neurobehavioral and neurodevelopmental 
testing procedures.(14) As a result, a variety of behavioral methodologies is available for use in determining 
the potential of chemical substances to affect adversely the functional integrity of the nervous system in adult 
and developing organisms.(15) Behavioral testing can be readily incorporated into toxicity testing protocols 
and, together with neuropathological evaluation, can enhance the ability to assess neurotoxic hazard(16). 

  

Because of the impact that nervous system toxicity can have on human health, assessing the neurotoxic 
potential of a chemical proposed for use as a food ingredient should be an essential element in that chemical's 
toxicological profile.(17) Current scientific technology provides ample means of effectively assessing neurotoxic 
potential of chemical substances(18). To effectively minimize the risk of potential neurotoxicity in humans, it is 
important that the best available science be used to develop the necessary information. It should be clear that 
neurotoxic effects identified in experimental animal models may not always compare exactly with what may 
occur in humans. Nonetheless, these effects are still interpreted as being indicative of treatment related 
effects on the nervous system and predictive of possible adverse health effects in humans. As advances in the 
neurosciences continue to evolve, our understanding of the processes underlying neurotoxicity will become 
increasingly clear. This will enhance our ability to assess neurotoxicity in a manner that is more predictive of 
potential human risk and to apply the available neurotoxicological information more reliably in support of 
regulatory decisions.(19) 

  

  

The reliability of assessing the full spectrum of neurotoxic potential for a test substance is directly related to 
the extent to which the detection and evaluation of neurotoxicity is explicitly included as a specific, defined 
objective of routine toxicity testing.(20) Consistent with the basic strategy advocated by the FDA for 
toxicological testing and with the recommendations by expert committees, scientific panels and health-related 
organizations, the assessment of neurotoxic potential is most efficiently carried out through a structured 
process of tiered testing.(21) Each stage of testing would focus on different aspects of assessment. In the first 
stage of testing chemicals would be initially screened across a range of dose levels for any clinical or 
pathological signs of toxicity, including those involving the nervous system. Those chemicals showing evidence 
of adversely affecting the nervous system may be presumptively identified as candidates for subsequent 
specific neurotoxicity testing to confirm and further characterize the scope of nervous system involvement 
(i.e., characterization of effects) and to determine dose-response kinetics (i.e., dose-response determination), 
including a quantitative determination of the no-observed-adverse-effect level (NOAEL). 

A tiered approach to neurotoxicity testing and evaluation allows for multiple decision points at which 
scientifically based decisions can be made about the adequacy of available information and the need for 
additional testing. To facilitate such decisions, specific summary statements regarding the neurotoxic potential 

III. Evaluating Neurotoxicity
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of the test compound should be included in the evaluation of the results of each level of testing. Since the 
nervous system interacts dynamically with certain other organ systems in the body, adverse effects to the 
nervous system should be evaluated within the context of a comprehensive assessment of all significant toxic 
effects for a test compound. In this regard, the neurotoxicity summary statements should reflect an integrated 
assessment of all relevant toxicology data which are available. This would include information derived not only 
from tests specifically focused on the detection of nervous system toxicity (e.g., neuropathology, behavioral 
dysfunctions, neurochemical alterations or physiological changes), but also from more conventional 
toxicological testing that focuses on other measures of toxicity, for example, general organ pathology and 
adverse changes in growth, development, food or water intake, or endocrine status. 

The neurobiological implications of some conventional endpoints of toxicity are certainly more evident than 
others. For example, a compound that induces specific teratogenicity of the nervous system, even at high 
dose levels, would be suspect for adversely affecting the development of nervous system function at lower 
doses. The neurotoxicological significance of other types of toxicity, however, may be less obvious. For 
instance, chemicals found to alter hormonal balance might also be suspected of affecting the structural or 
functional integrity of the nervous system, since endocrine status and the nervous system are interrelated. 
Altered growth, which is considered an index of general toxicity, may also signal the presence of neurotoxicity. 
In the developing organism, abnormal growth may reflect a treatment related neurotoxicity of the mother 
involving poor care of the nursing offspring. In the adult, altered growth stemming from changes in food or 
water intake may reflect underlying nervous system dysfunction, since both eating and drinking are 
consummatory behaviors with neuromuscular and physiological components under neuronal control. It should 
be clear, however, that such generic toxicological endpoints, by themselves, are not to be taken as evidence 
of neurotoxicity. Rather, when viewed in conjunction with other available data, such effects may serve to 
indicate the possibility of treatment related effects on the nervous system. Again, it is important to emphasize 
the need for integrated interpretation of all available toxicological data in the process of assessing neurotoxic 
potential. 

  

The first stage in assessing neurotoxicity involves a process of screening to identify those chemicals that 
exhibit any potential for adversely affecting the nervous system. It should be clear that the primary objective 
of screening is detection. Chemicals identified as exhibiting a significant potential for neurotoxicity would 
typically be considered as a possible candidate for additional more specific neurotoxicity testing. Under such 
conditions, the nature and extent of information which is typically developed by screening methods would not 
provide a sufficient basis for determining the NOAEL for neurotoxicity. Rather, additional more specific 
neurotoxicity information developed in subsequent stages of testing would be needed to accurately determine 
the NOAEL. If significant neurotoxic potential is not identified in screening, then there would typically be 
neither a basis nor a need to define a NOAEL for neurotoxicity. 

There are basically three sources of neurotoxicity screening information. One involves the use of structure 
activity relationships (SAR), the second relies on published literature and other sources of documentation, and 
the third involves empirical testing. The usefulness and reliability of SAR for identifying potential 
neurotoxicants is, at the present time, rather limited due to the fact that SAR databases for neurotoxicity are 
still being developed. The use of published literature or other types of documented information, to the extent 
that this type of information is available and appropriate for regulatory application, can be of significant value 
in identifying chemicals that may affect the nervous system. However, this type of information is usually 
scattered and typically not available for many food ingredients. At the present time, the primary means of 
obtaining neurotoxicity screening data is through empirical testing. The experimental data needed to screen 
chemicals for potential neurotoxicity should be routinely obtained as part of those toxicity studies 
recommended for "entrance-level" testing of proposed food ingredients. Neurotoxicity screening information 
could be developed most appropriately in short-term (e.g., 14 to 28-day rodent and non-rodent) studies to 
screen adult animals exposed to the test chemical across a range of relatively high doses for brief periods of 
time, in subchronic (e.g., 90-day rodent and non-rodent) and long-term (e.g., one-year non-rodent) studies 
to screen adult animals following more prolonged exposure across a range of relatively lower doses, and 
reproduction/developmental studies to screen for potential developmental neurotoxicity in perinatally exposed 
offspring. The development of neurotoxicity screening information in other types of toxicity studies (e.g., 
chronic studies) would certainly be acceptable and encouraged. 

  

Screening for neurotoxicity involves the use of valid, cost-effective procedures which can be carried out 
rapidly and routinely on large numbers of chemicals to detect the presence or absence of immediate or 

A. Screening
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delayed adverse effects on the nervous system.(22) Neurotoxicity can appear as a wide range of morphological 
and functional abnormalities involving the nervous system at very specific or multiple levels of its 
organization.(23) Under the previous guidelines for toxicity testing of proposed food ingredients the 
identification of neurotoxic effects was based on information derived from a general pathological evaluation of 
a few sections of neuronal tissue and an unstructured casual observation of test animals in their cages for 
overt signs of toxicity.(24) This approach focused detection on the more severe forms of neurotoxicity. To 
maximize the scope of detection, screening should be sufficiently comprehensive to enable the detection of a 
representative variety of pathological changes and functional disorders of the peripheral, central and 
autonomic segments of the nervous system.(25) In reproduction/developmental studies, age-appropriate 
neurotoxicity screening should enable the detection of treatment-related effects on the physical and functional 
development of the offspring. 

  

The elements of a basic neurotoxicity screen should include a specific histopathological examination, in 
conjunction with a systematic clinical evaluation. 

Specific histopathological examination   

A specific histopathological examination should be made of tissue samples representative of all major 
areas and elements of the brain, spinal cord and peripheral nervous system. Emphasis should be placed 
more on the carefulness of the histopathological examination of the neuronal tissue and the 
documentation of findings rather than on the numbers of sections used, provided that all major areas 
and elements of the nervous system are included. For purposes of screening, either immersion fixation 
or in situ perfusion of tissues is acceptable. Typically, the initial examination may be carried out on 
tissues from the control and the highest dose group. Positive findings would then be followed by 
examination of tissues from the other dose groups. The concept of age-appropriateness should also be 
considered in the morphological evaluation of the immature nervous system.(26) 

Systematic clinical evaluation   

A systematic clinical evaluation of experimental animals should be conducted inside and outside of their 
cages using a clearly defined battery of clinical tests and observations selected to detect signs of 
significant neurological disorders, behavioral abnormalities, physiological dysfunctions, and any other 
signs of nervous system toxicity. Typically, in addition to the animal's physical appearance, body posture 
and weight, the clinical screen should provide sufficient information to assess the incidence and severity 
of such endpoints as seizure, tremor, paralysis or other signs of neurological disorder; the level of motor 
activity and alertness; the animals' reactivity to handling or other stimuli; motor coordination and 
strength; gait; sensorimotor response to primary sensory stimuli; excessive lacrimation or salivation; 
piloerection; diarrhea; polyuria; ptosis; abnormal consummatory behavior; and any other signs of 
abnormal behavior or nervous system toxicity. To accommodate age-appropriate testing, screening for 
potential developmental neurotoxicity could include measures of postnatal development of 
representative physical landmarks (for example, body weight and development of external genitalia) and 
functional milestones (for example, righting reflex, startle response, and motor development) in the 
experimental offspring. In carrying out the functional evaluation screen, animals should be initially 
observed in their home cages and then removed to an open arena for the completion of the observations 
and manipulative testing. As appropriate, more sensitive and objective indices of neurotoxicity, such as 
tests of learning and memory, and quantitative measures of sensory function and motor behavior, could 
be included as part of the screen.(27) Further, it is important that the neurotoxicity screening information 
be supplemented with any other relevant toxicological findings. 

  

  

There are a number of available publications to guide in the design and conduct of neurotoxicity screens 
appropriate for the adult organism(28) and for the developing and adult offspring.(29) The process of protocol 
design for deriving neurotoxicity screening information should include consideration of the following: 

Each testing laboratory should develop and maintain an historical database demonstrating its continuing 
competence in the assessment of neurotoxicity. The neurotoxicity screen should consist of valid test 

1. Elements of a Neurotoxicity Screen

2. Considerations in Protocol Design for Neurotoxicity Screening
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methodology administered by personnel who, in compliance with GLP requirements, are adequately 
trained to conduct the procedures appropriately. The reliability and sensitivity of the proposed screening 
to be used for detecting neurotoxic effects should be documented by the availability of historical or 
concurrent positive control data.  

To help ensure the complete and consistent application of the neurotoxicity screen throughout a 
particular study, each study protocol should include a detailed description of the particular screen to be 
used in that study, including its composition, the test procedures to be followed, the time periods at 
which the screen is to be carried out, the neuronal structures to be examined, the endpoints to be used, 
and the methods for recording and analyzing the data. During the conduct of the studies, the detailed 
clinical evaluation should be carried out systematically, using a prepared checklist of tests and 
observations when appropriate. All experimental procedures should be documented. 

  

Since neurotoxicity screening is intended to be a routine part of both general and reproductive toxicity 
studies, the specific composition of the screen and the endpoints to be recorded should be consistent 
with the particular focus of the study and, specifically, be appropriate for the age (and species) of the 
animals to be tested. For example, to screen for potential developmental neurotoxicity, it would be 
appropriate for a systematic evaluation to be carried out on representative male and female offspring 
from each experimental litter in reproduction studies and to include measures of the ontogenetic 
development and maturation of representative physical landmarks (for example, body weight and 
development of external genitalia) and functional milestones (for example, righting reflex, startle 
response, and motor development) in those offspring. The evaluation of offspring during the preweaning 
period should be planned so as to maintain the integrity of the primary reproductive study, for example 
by minimizing the period of pup separation from the dams. The optional inclusion of other, more 
sensitive, or more objective indices of neurotoxicity, such as tests of learning/memory and quantitative 
measures of sensory and motor function, to supplement the basic screening of the developing and/or 
mature offspring would be encouraged in separate or satellite litters. The concept of age-appropriateness 
should also be considered in the morphological evaluation of the immature nervous system.(30) There 
are a number of available publications to guide the design and conduct of clinical testing appropriate for 
neurotoxicity screening of the adult organism(31) and for developing and adult offspring.(32)  

Testing should be carried out at representative intervals throughout the duration of the study (including, 
when feasible, a pretreatment baseline) to provide information about the consistency of the neurotoxic 
effect(s), and, as possible, about their onset, duration and reversibility.  

At the discretion of the sponsor or testing laboratory, satellite groups of animals could be used to carry 
out the neurotoxicity screen testing.  

A sufficient number of male and female animals from each experimental and control group should be 
used (as recommended in the guidelines for the primary toxicity protocols) to ensure valid statistical 
analyses giving consideration to the variability of the endpoints being measured. As possible, the 
selection of tests should afford the best level of detectability with use of the smallest number of animals. 
In adult studies the individual animal is routinely used as the statistical unit, whereas in developmental 
studies the litter is typically considered to be the appropriate statistical unit. For screening purposes, the 
initial histochemical examination could involve tissues from control and high dose animals. If treatment-
related effects are found, the subsequent examination of tissues from the lower dose groups would be 
warranted.  

The experimental design should include measures to minimize inadvertent bias, for example by using 
random assignment to treatment groups and, as feasible, carrying out testing with the experimenters 
blind to treatment conditions. Appropriate procedures should be followed to control for potentially 
confounding variables, such as housing conditions, diet and nutritional status, circadian cycles, test to 
test interactions, environmental conditions, and handling. For example, in the process of screening for 
potential developmental neurotoxicity the direct clinical evaluation of the pregnant or lactating dams 
should be limited to minimize influence of such handling on maternal behavior.  

To take full advantage of the neurotoxicity screening information routinely developed in toxicological 
testing, experimental data should be accurately recorded, documented and reported to the FDA. 
Summary tables of all positive effects should be presented. In addition, all data collected (positive and 
negative) should be submitted to the FDA to enable review personnel the opportunity of examining the 
actual study results. As appropriate, data should be analyzed using suitable and acceptable statistical 
procedures. This information, together with any other pertinent toxicity data, should be incorporated into 
an integrated assessment of the potential for the test chemical to adversely affect the structural or 
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functional integrity of the nervous system. Based on this assessment, an explicit statement should be 
made as to whether or not the test chemical represents a potential neurotoxic hazard which may require 
special neurotoxicity testing. Study protocols for additional neurotoxicity testing should be developed 
using valid state-of-the-art methodology.  

Throughout the process of protocol design and testing in the assessment of neurotoxic potential, the 
opportunity for consultation with FDA is available and encouraged.  

  

Increasing attention is being devoted to the development of in vitro systems for assessing the 
neurotoxicological impact of chemical agents.(33) In vitro methods would have practical advantages, such as 
minimizing the use of live animals, but validation studies remain to be done to correlate in vitro results with 
neurotoxicological responses in whole animals. Such systems, once appropriately validated, may have 
particularly useful application in screening for potential neurotoxicity and in helping to elucidate mode of 
action or mechanistic information. 

The information collected during screening is used to determine whether or not the test chemical represents a 
potential neurotoxic hazard and whether additional tests to confirm and characterize the neurotoxicity, to 
define NOAELs, and to develop other necessary information should be recommended. A number of 
considerations enter into the scientific interpretation of the neurotoxicity screening information when making 
this evaluation. These include the adequacy and completeness of the screening assessment; the nature and 
severity of the effects detected; consistency of effects across dose; consistency of effects across testing 
intervals within a study; replicability of effects across different types of toxicity studies; presence of other 
toxic effects; and the margin of difference between the doses producing neurotoxicity and those producing 
other toxic effects. The extent to which screening provides the information to address these issues adds to the 
level of confidence in identifying a potential neurotoxic hazard and aids in determining the need to proceed 
from screening to the development of more comprehensive neurotoxicity information. The decision to proceed 
with such specialized neurotoxicity testing should be made in consultation with the FDA. 

  

When a chemical is presumptively identified by SAR, empirical screening, or other sources of information as 
producing neurotoxicity, that chemical becomes a candidate for additional neurotoxicity testing. Chemicals not 
identified as having neurotoxic effects during screening will generally not be recommended for subsequent 
neurotoxicity testing, although exceptions may occur. Special neurotoxicity testing focuses on the 
characterization of the neurotoxic effects and the determination of dose-response relationships: 

  

  

Following the presumptive identification of chemicals that adversely affect the nervous system, the next level 
of testing focuses attention on determining the nature and extent to which the nervous system is affected by 
that chemical (characterization). At this level the neurotoxic effects found during screening are further 
characterized and studies are conducted to determine whether the test chemical has any other, possibly more 
subtle, effects on the structural and functional integrity of the nervous system in mature and developing 
organisms. The in-depth assessment of neurotoxicity at this stage of testing should include information about 
the nature and severity of effects, the temporal pattern of onset of effects (particularly when delayed 
neurotoxicity occurs), and the duration of effects. To enhance detection of subtle neuropathological findings, 
tissues should be perfusion-fixed in situ and a detailed histopathological examination (more thorough than the 
histopathology examination performed during screening) should be carried out involving the use of special 
stains to highlight relevant neural structures.(34) 

  

The neurofunctional assessment at this level should routinely include a core battery of behavioral and 
physiological tests designed to detect adverse changes to the primary subfunctions (e.g., cognitive, sensory, 
motor, and autonomic) of the nervous system in the mature and developing nervous system.(35) The need for 
additional special tests may logically follow from information obtained during screening; for example, if a 
chemical is observed to induce convulsions during screening, the seizure potential and pro-convulsant 
properties of that chemical should be more specifically characterized during the second level of testing. 

B. Special Neurotoxicity Testing

1. Characterization of Effects
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A critical element used in defining a chemical's neurotoxic hazard is the no-observed-adverse-effect level 
(NOAEL), typically using the most relevant and sensitive endpoint identified in previous testing. To enable a 
more quantitative determination of the NOAEL, ample data should be obtained to thoroughly characterize the 
dose-response and dose-time relationships in repeated exposure studies, e.g., intermittent and continuous 
exposure regimes, typically using the most relevant and sensitive endpoint. 

  

The protocols for special neurotoxicity testing, which should be designed in consultation with FDA, should take 
into consideration elements similar to those involved in the development of protocols for neurotoxicity 
screening, including the appropriateness and reliability of the test procedures, the suitability of the control 
measures, and the adequacy of the experimental design and schedule of testing (frequency and duration). 
Consistent with the guidelines for the primary toxicity testing protocols, special neurotoxicity testing would 
initially be carried out using rodents as the principal species of choice. However, as appropriate and in 
consultation with FDA, neurotoxicity studies using non-rodent species may be recommended, on a case-by-
case basis, to develop information needed for more reliable cross-species extrapolation of data.(36) 

At the stage of special neurotoxicity testing, efforts to develop additional relevant information for a more 
comprehensive assessment of neurotoxic hazard are certainly encouraged. For example, information regarding 
the occurrence of treatment-related neurochemical changes, the pharmacokinetic properties of the test 
compound, or the factors that may modulate the sensitivity of the organism to the test compound could 
contribute to a better understanding of the neurobiological processes underlying the chemically induced 
neurotoxicity. This mechanistic type of information would enable a more reliable interpretation of the available 
animal data for predicting neurotoxic risk in humans. 
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Chapter V

Additional Recommended Studies

A. Introduction

The Agency recognizes that information about metabolism and pharmacokinetics, neurotoxicity, and

immunotoxicity are significant endpoints in assessing the safety of direct food additives and color additives used

in food.  Recom mended strategies for improving the ability to determine metabolism and pharmacokinetics and

the neurotoxic and immunotoxic potentials of test substances are described in Chapters V B, C , and D ,

respectively.  Because this chapter addresses toxicity studies that are recommended for the first time by FD A for

assessing the safety of direct food additives and color additives used in food (see Figure 4, Chapter III C 1), they

are discussed in greater detail than other recommended toxicity studies (see Chapter IV C). 

1. Metabolism and Pharmacokinetics

FDA be lieves tha t data from  studies on  the adsorption, distribution, m etabolism , and excretion of a

chem ical can  provide insight into m echanisms of toxicity and are essential in the  design and eva luation of results

from other toxic ity studies.  Such data  should be provided for all direct food additives and color additives used in

food that are assigned to Concern L evels II or III.  Recomm endations for obtaining data on the metabolism and

pharmacokinetics of these substances are presented in this document.  In general, the Agency recomm ends that

this information be obtained before subchronic and chronic toxicity tests are begun.

2. Neurotoxicity

It is recommended that the assessment of neurotoxic potential be carried out according to a process of

tiered testing progressing from the  identification of chemicals associated w ith neurotoxic effects (screening),

through a characterization  of the scope of nervous system  involvement (characterization of effects), to the

determination of dose response kinetics which includes the definition of the no-observed adverse effect level

(dose-response).  Screening for neurotoxic effec ts, which  is considered to be one of the m ost critical steps in this

tiered process, should be routinely and systematically carried out in short-term (see Chapter IV C 3), subchronic

(see Chapter IV C 4), and reproductive and developmental toxicity (see Chapter IV C 9) studies.  The

neurotoxicity screen should  include  a specific histopathologica l exam ination of representative tissue samples of all

major areas of the brain, spinal cord, and peripheral nervous system in conjunction with a functional evaluation

battery of quantifiable observations and manipulative tests selected to detect signs of neurological, behavioral, and

physiological dysfunctions.  References to published literature that can guide the petitioner in selecting an

appropriate neurotoxicity screen are included.

Study reports should include  an integrated assessm ent of the potential for the  test chem ical to adversely

affect the structural or functional integrity of the nervous system.  This assessment should include results of the

neurotoxicity screen and other toxicology data, as appropriate.  Based on the assessment, an explicit statement

should be made as to whether or not the test chemical represents a potential neurotoxic hazard which requires

specia l testing.  Recom mendations about further neurotoxicity testing , if the results of the initial screens indicate

the need for such testing, are included.  However w e urge petitioners to consult w ith Center scientists before

undertaking additional neurotoxicity tests.
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3. Immunotoxicity

An imm unotoxicity screen should be routinely carried out in short-term (see Chapter IV C 3), subchronic

(see Chapter IV C 4), and reproductive and developmental toxicity studies (see Chapter IV C 9).  This screen

consists of primary indica tors of immunotoxicity described in Chapter V D 3; these indicators are a set of

hematological, serum protein, histopathological, and body and organ weight endpoints that are routinely evaluated

in standard toxicity tests.

Study reports should include  an integrated assessm ent of the potential for the  test chem ical to adversely

affect the im mune system.  This assessment should  be based on results of the im munotoxic ity screen (primary

indicators of imm unotoxicity) and other toxicology da ta, as appropriate.  Based on the results of this assessm ent,

an exp licit statement should be m ade as to whether or not the test chemical represents a potential immunotoxic

hazard which requires additional immunotoxicity testing (see Chapter V D 4 and 5).

If results of the immunotoxicity screen indicate the need for further testing, information that will help the

petitioner choose  additiona l imm unotoxicity tests is provided.  However, we  urge petitioners to consult with

Center scientists before undertaking additional immunotoxicity tests.
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V B. Metabolism and Pharmacokinetic Studies

Results from animal toxicity studies are used by FDA to determine dose-response characteristics for any

effects observed in the eva luation of the  safety of food and color additives.  Since the  delivered dose  of a

substance to any affected tissue or organ is determined by the pharmacokinetics and metabolism of the substance

in the test animal, toxicity studies are more easily interpreted, likely to achieve target doses, and avoid excessive

toxic ity  if data  from metabolic  and pharmacokinetic  studies are  available  during the p lanning of short-te rm,

subchronic and/or chronic toxicity studies.  Early determination of metabolic pathways and the rates of

metabolism  in different test species m ay provide explanations for species differences in any effects which are

observed, and suggest biochemical or pharmacologic experiments which might be used to test explanations of

such phenom ena. 

The Agency recomm ends that petitioners submit data that will enable our scientists to evaluate: 1) the

extent of absorption, 2) tissue distribution, 3) pathways and rates of metabolism, and 4) rate(s) of elimination of

the parent substance and any metabolites formed for all Concern Level II and III substances (see Figure 3).  The

Agency may recom mend subm ission of additional m etabolic  and pharmacokinetic data based on the  extent to

which a chemical is metabolized, the potential toxic ity of the m etabolites, and the extent to w hich observed toxic

effects seem to correspond to the presence of the parent substance  or its metabolites.

1. Considerations in the Design of, Analysis of, and Use of Data from Metabolic and
Pharmacokinetic Studies

Pharmacokinetic data can be used to predict plasma concentrations, target tissue doses, and the fate of the

adm inistered dose.  This information can then he lp the petitioner and/or the Agency: 1) decide which toxicity

studies should be conducted, 2) select doses for chronic toxicity and carcinogenicity studies, 3) determine the

mechanism of toxicity and assist in the interpretation of toxicity data, and 4) improve  the risk assessment process.

a. Design and Analysis of Metabolic and Pharmacokinetic Studies

Pharmacokinetic studies are most useful when they are performed early in the process of evaluating the

toxicity of a chemical.  However, additional metabolism and pharmacokinetic studies may be recommended after

target organs have been  identified in toxicity studies.

Whole animal (oral dosing) studies should be performed to determine gastrointestinal absorption and

overall e limina tion rates for a compound .  How ever, it is often m ost efficient to perform in vitro studies of

metabolism before whole animal (oral dosing) studies to determine whether enzyme kinetics may explain known

dose response curves or predict non-linear dose response curves.  The results of early in vitro studies also can be

used to optimize the choice of doses in whole an imal pharmacokinetic studies. 

Additional recommendations concerning the  design and ana lysis of metabolism  and pharmacokinetic

stud ies are described below.  
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i. Test Com pound

In selecting  the dosage form  of a test com pound  to be administered in m etabolic  and pharmacokinetic

studies, the chemical characteristics of the compound and its route of administration should be considered.  The

formulation of the test substance used for metabolic and pharmacokinetic studies should exhibit similar patterns of

disintegration and/or dissolution as formulations used for toxicity studies.  Chem ical purity of the test compound

should be established; impurities that may affect absorption, distribution, metabolism  and excretion of the test

com pound  should be identified .  Stability of the compound  in its carrier (i.e., food, wate r, or solvent) also should

be determined.  Chemical characteristics of the compound (i.e., low solubility, volatility) may make certain routes

of administration impossible.  It is critical that the dose absorbed into tissues be determined especially in studies

where the test substance is added to the feed or water and is ingested ad libitum .  

Use  of radioac tive substances facilitates m ass balance de terminations because radio-labels are rela tively

easy to detect in samples of tissues and body fluids.  Determining the disposition pattern of the radio-label may be

adequate for predicting doses that should be used in tox icity studies w here the  results of a test animal's overall

exposure to the substance (parent compound and metabolites) is of concern.  The radio-label should not be

biologically labile; when a radioactive element is present at more than one position of the test compound, the

radio-label should be uniformly distributed in the molecule.

The radiochemical purity of the test substance (radioactivity actually associated with the compound being

tested) is another important consideration.  If the test compound is not radiochemically pure and radio-labeled

impurities are not identified, and if only the distribution of the radio-label in tissues and body fluids is determined,

interpretation of the results may be difficult.  For example, for a compound that is 95-96% radioactively pure and

minimally absorbed (i.e., approximately 2% absorbed), it is impossible to unequivocally differentiate between 2%

absorption of the test compound and 100%  absorption of a radioactive impurity present at 2%.

 

ii. Animals

Metabolic and pharmacokinetic data from two rodent species (usually the rat and mouse) and a non-

rodent species (usually the dog) are recomm ended.  If a dose dependency is observed in metabolic and

pharmacokinetic or toxicity studies with one species, the same range of doses should be used in metabolic and

pharmacokinetic studies with other species.  If human metabolism and pharmacokinetic data also are available,

this information should be used to he lp select test species for the full range  of toxicity tests, and may help  to

just ify using  data from a particu lar species as a human surrogate in  safe ty assessm ent and risk assessment. 

(Human metabolism studies should be conducted according to the guidelines in Chapter VI B.)

Metabolism and pharmacokinetic studies have greater relevance when conducted in both sexes of young

adult animals of the same species and strain used for other toxicity tests with the test substance.  The number of

animals used in metabolism and pharmacokinetic studies should be sufficient to reliably estimate population

variability (see Chapter V B 1 e).  A single set of intravenous and oral dosing results from adult animals, when

combined with some in vitro kinetic results, may provide an adequate data set for the design and interpretation of

short-term, subchronic and chronic toxicity studies.

Studies in multiple species may clarify what appear to be contradictory findings in toxicity studies (i.e.,

equal mg/kg bw doses having less effect in one spec ies than in  another).  If disposition and m etabolite  profiles are

found to be similar, then differences in responses among species could more reliably be attributed to factors other

than differences in metabolism.  Studies of the pharmacokinetics and metabolism of a substance in neonatal and

adolescent animals provide information about any changes in metabolism associated with tissue differentiation

and development.  Animals with fetuses of known gestational age should be used for determining the disposition

of the test substance in the fetus.

iii. Route of Administration
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The most critical parameters required in assessing human exposure and target tissue dose are the

gastrointestinal absorption rate and internal elimination rates (renal and hepatic) for the test compound.  Without

an intravenous (IV) dosing study, it is very difficult to determine wha t percentage of a chemical is absorbed,

because the m aterial exc reted in the  feces is composed of unabsorbed dose plus biliary  and non-biliary (mucosa l)

elimination.

An intravenous study can provide accurate rates of metabolism-- without interference from intestinal

flora--plus rates of renal and biliary elimination, if urine and bile are collected.  This route also avoids the

variability in delivered dose associated with  oral absorption and  ensures  that the m axim um amount of radiolabel is

excreted in the urine or bile for purposes of detection.  Once IV data and parameters are available, they can be

used with plasma concentrations from limited oral studies to compute intestinal absorption via the ratio of Areas

Under the (plasma and or urine) Curves or via simulations of absorption with gastrointestinal absorption models.

In single-dose pharmacokinetic studies of oral absorption, the primary concerns are with the extent of

absorption and peak plasma or target tissue  concentrations of the  test substance.  If the test veh icle affects gastric

em ptying, it may be necessary to use bo th fasted and non-fasted an imals for pharmacokinetic studies.    

iv. Dosage Regimen

Selection of the dosing regimen for metabolism and pharmacokinetic studies depends on the type of

information that is needed.  Metabolic and pharmacokine tic param eters are usually de termined follow ing a single

adm inistration of the  test com pound .  Com paring pa rameters obta ined from  studies in w hich a range of single

doses have been administered can be used to determine the doses at which saturation of absorption, distribution,

me tabolism  or excretion occurs.  Multiple  dosing studies can be used to determine the potential of a compound  to

induce or inhibit its absorption, distribution, metabolism or excretion.  Identification and quantification of the

major metabolites following administration of single and multiple doses may indicate whether saturation or

induction  of a particular biotransform ation pathway can occur.

In vitro experim ents m ay be useful in screening for dose dependencies, and  provide m ore accurate

descriptions of the enzyme kinetics or other processes underlying dose dependencies observed in the w hole

animal.  In vitro studies usually indicate identical metabolic pathways and metabolism rates com parable to those

obtained from whole anim al studies but require few er anim als to perform  and can be completed in less  time with

few er resources. 1-3

v. Sampling

Blood (RB Cs, plasma , and serum ), urine, and feces are the m ost com monly collec ted sam ples.  In

addition, a few representative organ and tissue samples should be taken, such as liver, kidney, fat, and suspected

target organs.  Sam pling times should depend on the  substance being tested  and the route of administration.  In

general, an equal number of blood samples should be  taken in each phase  of the concentration-versus-tim e curve. 

Intravenous (IV) studies usually require much shorter, and more frequent, sampling than is required for oral

dosing.  Time spacing of samples will depend on the rates of uptake and elimination.  In a typical IV study, blood

and tissue  sam ples are  taken in a "powers of 2" series, i.e. samples at 2, 4, 8, 16, and 30 (32) minutes, 1, 2, 4, 8,

and 16 hours.  Similar coverage could be obtained with only 7 time points by using a "powers of 3" series: 3, 9,

and 30 (27) minutes, 1, 3, 9, and 24 (27) hours.  Oral dosing studies usually extend to at least 72 hours, or 5 plasma

half-lives, ensuring the excretion of 95% of the absorbed dose.  The sampling schedule for an oral dosing

experiment might be: 15  minutes, 30 m inutes, 1, 2, 4, 8, 24, 48, and 72 hours.  Such a sampling scheme  would

provide data coverage for evaluation of absorption, elimination, enterohepatic recirculation and excretion

processes.  

Whole Body Autoradiography (WBA ) has been used with increasing frequency as a means of identifying

tissues which concentrate test substances.  This technique allows a small number of animals (5 - 10) to be used for

screening purposes with a minimal investment in manual labor.  FDA  encourages the use of WBA with IV dosing,
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as a means of screening and selecting tissues of greatest relevance for later oral dosing studies.  Animals used for

WBA should be sacrificed during the elimination phase, between 1 and 5 plasma half-lives, since bioaccumulation

at steady-state is the primary consideration in selecting specific tissues.

The  num ber of anim als used in metabolism  and pharmacokinetic studies should be large enough  to

reliably estimate population variability.  In the case of rats and mice, tissue and/or blood sample size is usually the

limiting  factor: ana lysis of the substance  may require 1  ml or more blood, but it is difficult to obtain m ultiple

blood samples of this size from one animal.  As a consequence, a larger number of animals is required (3 - 4 per

time point, 7 - 9 time points) when small rodents are used.  Such an approach has the advantage of allowing

limited sam pling of critical tissues (e.g. liver, fat) at each tim e point, an option which is usually unavailable  with

large animals.  The use of humans and large animals generally permits collection of multiple (serial) blood

samples.  For outcrossing populations like humans and large animals, individual differences in the rates of

biotransform ation are  likely to be  greater than those of inbred rodent populations; under these c ircumstances, more

samples/sex/group may be needed to reliably estimate variability.

Individual metabolism  cages are recommended for collec ting urine and feces in oral dosing studies. 

Excreta should be collected for at least 5 elimination half-lives of the test substance.  When urine concentrations

will be used to determine elimination rates, sampling times should be less than one elimination half-life (taken

directly from the bladder in IV studies); otherwise, samples should be taken at equal time intervals.

vi. In Vitro  studies

In Vitro  measurements employing enzymes, subcellular organelles, isolated cells and perfused organs

may be used to augment the dose response information available from less extensive metabolic and

pharmacokinetic studies.  Because in vitro system s generally are less complex than whole anim als, elucida tion of a

test compound's metabolic pathways and the pathways' kinetic characteristics may be facilitated.  Such systems

can be used to measure binding, adduct and conjugate formation, transport across cell mem branes, enzyme

activity, enzyme substrate specificity, and other singular objectives.  Biochemical measurements that can be made

using in vitro systems include:  Intrinsic clearances of enzymes in an organ or tissue, kinetic constants for an

enzyme, binding constants, and the affinity of the test compound and its metabolites for the target

macromolecules.  The activity of a hepatic drug-metabolizing enzyme in vivo may be approxim ated by  kinetic

constants that a re  ca lcula ted from in vitro studies; when a first-order approxim ation is used, the ratio of V max to Km

is equal to the intrins ic clearance of the drug. 4,5   In vitro measurements made using readily accessible tissues and

body fluids from animals and man m ay also be useful in elucidating mechanisms of toxicity.

vii. Analysis of Data

Data  from all metabolism and pharmacokinetic  studies should  be  analyzed with  the same

pharm acokinetic m odel and results should be expressed in the same  units.  Concentration  units are acceptable if

the organ or sam ple size is reported, but percent of dose/organ is usually  a more meaningful unit.  In genera l, all

sam ples should be  ana lyzed for m etabolites  that cumulative ly represent more than 1%  of the dose. 

A variety of rate constants and other param eters can be obtained from  IV and oral dosing data sets,

provided that good coverage of the distribution, elim ination, and  absorption (oral dose) phases is available . 

Typical parameters calculated to characterize the disposition of a test substance are: half-lives of elimination and

absorption; area under the concentration-versus-time curve (AUC) for blood; total body, renal and metabolic

clearances (Cl); volume of distribution (V d); bioavailability (F); and mean residence and absorption times (MAT,

MRT). Some of these  param eters, such as half-lives and elimination rates, are easily computed from  one another;

the half-life  is more eas ily visua lized than the rate  constant. 6,7 

Computation of oral absorption (ka) and elimination (E) rates is often complicated by the "flip-flop" of the

absorp tion and  elim ination phases when they differ by less than a factor of 3. 8   Because of these analysis

problems, computation of absorption and elimination rates should not be attempted on the basis of oral dosing
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results alone.

Blood-tissue uptake rates (kj1) can often  be approximated from  data at early (t < 10 m inutes) time points

in IV studies, provided that the blood has been washed from the organ (e.g. liver) or the con tribution from  blood to

the tissue residue is subtracted (fat).  High accuracy is not usually required since these parameters can be

optimized to fit the data when they are used in more com plex m odels.  Tissue-blood recyc ling rates (k1j) and

residence tim es can be com puted from  partition coeffic ients if estim ates of uptake rates are  ava ilable. 

Tissue /blood pa rtition coefficien ts (R j1) should be determined when steady-state  has  been achieved. 

Estimates based on samples obtained during the elimination phase following a single dose of the test substance

may lead to  underestimates of this ratio in both eliminating and non-e limina ting tissues unless its half-life is very

long.  Correction of these values for elim ination has  been described by  several authors. 9,10

It may be im portant to determine the degree of plasma protein and red blood cell binding of the test

substance; calculation of blood clearance rates using plasma or serum concentrations of the substance that have

not been adjusted for the degree of binding m ay under- or over-estimate the true rate of clearance of the test

substance from the blood.  This is usually done through experim ents in vitro. 

Two classical methods used in the analysis of pharmacokinetic data are the fitting of sums of exponential

functions (2- and 3-compartment m amm illary models) to plasma and/or tissue data, and less frequently, the fitting

of arbitrary polynom ial functions to the data (non-compartmental analysis).8,11,12

 

Non-compartmental analysis is limited in that it is not descriptive or predictive; concentrations must be

interpolated from data.  The appeal of non-compartmental analysis is that the shape of the blood concentration-

versus-time curve is not assumed to be represented by an exponential function and, therefore, estimates of

metabolic and pharmacokine tic param eters are not biased  by this assumption. In order to m inimize errors in

parameter estimates that are introduced by interpolation, a large number of data points that adequately define the

concentration-versus-time curve are needed.

Analysis of data using simple mamm illary, compartmental models allows the estimation of all of the

basic parameters mentioned above, if data for individual tissues are analyzed with 1 or 2 compartment models, and

combined with results from 2 - 3 compartment analyses of blood data.  "Curve Stripping" analysis can be applied

to such simple m odels through the use of com mon spreadsheet program s (i.e. LOTU S 1-2-3), as long as a linear

regression function is provided in the program.  Optimization of the coefficients and exponents estimated may

require the use of more sophisticated software: a number of scientific data analysis packages such as RS/1 and

SigmaPlot  have the necessary capabili ties.  Special ized programs such as NONLIN 13, CONSAM,14 or

SIMUSOLV 15 will be needed when more com plex models must be analyzed.  Coefficients and exponents from

mam millary models can be used to calculate other parameters; however, they should not be taken too literally,

since mammillary models assume that all inputs are to a central pool (blood), which communicates without

limitation into other compartments.16,17  This approach does not include details such as blood flow limitations,

anatomical volum es or other physiological lim its in  the animal. 

 Physiologically based pharmacokinetic models (PB-PK) were developed to overcome the limitations of

simple mammillary models. Physiologically based models describe the disposition of test substances via 

com partmental m odels w hich incorporate anatom ical, biochemical and physiological features of specific tissues in

the whole an imal.  The types of inform ation added inc lude organ-specific blood flow s, volumes, growth models

and metabolism ra tes.  Metabolic  parameters often are  obta ined from in vitro studies (i.e., enzym e reaction rates in

cultured hepatocytes, plasma protein binding, etc.), while other param eters are becom ing ava ilable as standard

param eters in the litera ture.  Param eters from mamm illary models can be used to com pute the  value of param eters

used in physiological pharmacokinetic models, using tissue-specific blood flows, anatomical volumes, and other

information (literature values).  Estim ation of parameters for a sim ple mammillary model is often  the first data

reduction step in creating a  physiological m odel.5,18

Because  PB-PK models are based on physio logical and ana tomical measurements and a ll mamm als are

inherently similar, they provide a rational basis for relating data obtained from animals to humans.  Estimates of
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predicted disposition  patterns for test substances in hum ans m ay be obtained  by adjusting biochem ical parameters

in models validated for animals; adjustments are based on experimental results of animal and human in vitro tests

and by substituting appropriate human tissue sizes and blood flows.  Development of these models requires special

software capable of simultaneously solving multiple (often very complex) differential equations, some of which

were mentioned above.  Several detailed descriptions of data analysis have been reported.7,19

b. Use of Data from M etabolism and Pharmacokinetic Studies

Information from  metabolism  and pharmacokinetic studies can be used in the des ign and analysis o f data

from other toxicity studies.  Some examples are described below.

Design of Toxicity Studies:  The concentration-versus-time curve, peak, and steady-state concentrations

of the test substance in blood or plasma provide information on the distribution and persistence of the

substance in the animal which may suggest essential elements in the design of toxicity studies.  For

example, when m etabolic and pharmacokinetic studies indicate that the test compound accum ulates in the

bone marrow, long-term toxicity tests should include evaluation of the test compound's effect on

hematopoietic function and morphology.  If a test compound is found to accumulate in milk, an

investigator should plan to perform reproductive toxicity studies with in utero  exposure and a nursing

phase (cross-fostering study; see Chapter IV C 8).  In addition, information from m etabolic and

pharmacokinetic studies can be used to predict the amount of test compound that enters biological

compartments (tissues, organs, etc.) that may not suffer a toxic insult but may serve as depots for indirect

or secondary exposure.

Setting D ose Levels:  There  is considerable debate about the use of metabolic  and  pharmacokinetic data

in se tting  doses to  be used  in toxicity studies, particularly  chronic toxicity and carcinogenicity studies. 

Current NTP policy for selecting the highest dose in carcinogenicity bioassays is described in Chapter

IV C 6 b. In 1984, the NTP A d Hoc Panel on C hemical Carcinogenesis Testing and Evaluation also

recom mended that pharmacokine tic data be  considered along with  subchronic toxic ity data in se tting all

dose levels except the m aximum-tolerated dose (M TD) in the carcinogenesis bioassay of chem icals.20 

FDA  agrees with these statements and recommends that pharmacokinetic data be used in conjunction

with the  results of short-term  and subchronic  toxicity studies to set appropriate dose leve ls for chronic

toxicity, reproduction and teratology studies, and for setting dose leve ls below  the M TD  (highest dose) in

carcinogenicity studies.  

Determining M echanisms of Toxicity:  Information from metabolic and pharmacokinetic studies can be 

used to supplement conventional toxicology data in elucidating mechanisms of toxicity.  Metabolites

identified by a pharmacokine tic study can suggest m echanisms underlying a toxic response.  Biologically

reactive  intermediates  are often im plicated  in a toxic response; however, such  metabolites are usually

short-lived, reacting in the vicinity of their formation.  The presence of potentially reactive intermediates

can be deduced indirectly by measuring the formation of characteristic macromolecular (DNA, RNA,

protein) adducts and metabolic conjugates.  Measurement of metabolic conjugate vs adduct formation and

the affinity of a compound and/or its metabolites for the target molecule may help identify mechanisms of

toxicity  and  effective routes of detoxification.  

Information from in vitro test systems concerning the formation of critically reactive metabolites may be

used to establish the relationship between the formation of the reactive metabolite in vivo and duration of exposure

to the test compound.  This relationsh ip is important in circumstances where critically reactive m etabolites are

only formed when the capacities  of normal m etabolic and o ther defensive  or adaptive m echanism s are  exceeded. 

Determining the concentrations of the test substance at which saturation of binding occurs may indicate at what

concentration a  com pound  is likely to dep lete detoxifying conjugation  pools and become  availab le to react w ith

target macrom olecules.

Improving the R isk Assessm ent Process:  Information from metabolic and pharmacokinetic studies

increasingly is being incorporated into risk assessments.  Conventional risk assessments typically involve
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linear extrapolation of external dose and an inter-species scale factor based on body weight or body

surface area.  Risks calculated by this approach may be under- or over-estimated.  Many of the biological

processes involved in the absorption, distribution, metabolism and excretion of a compound are dose

dependent and, therefore , the toxicity  observed may not be a  sim ple function of adm inistered dose. 

Development of appropriate pharmacokinetic models may enhance our ability to use metabolic and

pharmacokinetic in form ation in risk assessment. 

2. Recommended Metabolism and Pharmacokinetic Studies

FDA be lieves tha t data from  studies on  the absorption, distribution, m etabolism , and excretion of a

chemical can provide insight into mechanisms of toxicity of chemicals and are essential in the design and

evaluation of results from other toxicity studies.  FDA believes that a set of basic pharmacokinetic and metabolism

studies should be  performed for all Concern L evel II and III substances, but that additional studies may be

recommended for a particular additive.  Recommended studies should be performed with two rodent species

(usually the rat and mouse) and one non-rodent species (usually the dog).  In general, what constitutes an

appropriate set of m etabolism  and pharmacokinetic studies will depend on the anticipated degree and type of toxic

response to a test compound and by the estimated m agnitude of human exposure to the compound.  The

recommended set of basic studies are:

 4  Intravenous studies using a tracer level dose should be conducted in adult male and female animals of

species in which toxicity  studies have already been conducted or in which chronic toxicity stud ies are

contemplated.  Blood, liver, and fat samples should be taken at all time points.  The size and timing of

urine and bile samples will depend on the dose of tracer and rate  of excretion by  each of these routes. 

Samples taken over periods of 30 min to 2 hours, at 2 or 3 time points, should be sufficient for

computation of the cumulative excretion by these routes.  Plasma, urine and bile should be analyzed for

metabolites of the test substance that cumulatively represent more than 1% of the dose.  Estimates of

uptake and elim ination rates should be made for each tissue sampled, using 2-compartment m odels.

4  Studies of the rate of metabolism (of the parent compound) as a function of dose (or concentration)

should be conducted in vivo or in vitro, guided by results of metabolite analyses from the intravenous

studies and available toxicology information.  Hepatocytes or perfused livers will normally be used for

such studies, but an examination of the distribution of metabolites between the plasma, bile and urine

after IV dosing may indicate  that the k idney is important in  the metabolism of some chemicals.  Enzyme

kinetic  parameters resulting from in vitro studies m ay be scaled up to whole organ rates and used to

predict rates of metabolism in the whole animal as a function of dose.

4  Oral dosing studies should be conducted in ad libitum  fed animals, to determine the rate and

cumulative absorption of the substance.  Dosage and sampling times should be selected on the basis of

results from toxicity tests, metabolic dose response data (ii, above), and elimination rates determined

from  IV dosing studies.  Bioaccum ulative  tissues should be sampled in addition  to blood , urine and feces. 

A tissue  that does not accumulate the  substance should also be included for reference purposes.  W hole

Body Autoradiographic studies are recommended as a method for identifying bioaccumulative tissues

prior to the initiation of oral dosing studies.

3. Additional Studies

Studies of enzyme induction and potential pharmacological adaptation should be conducted whenever

chronic studies are recomm ended.  The resulting information can be incorporated into multiple or continuous

dosing m odels to sim ulate the  plasm a and tissue levels of test substance expected for a variety  of doses in  chronic

studies being planned.

In cases where reproductive studies are recomm ended, pharmacokinetic experiments evaluating the

Page 000231



distribution of the substance in the fetus, mother's milk, and neonates should be performed as an aid in selecting

doses and designing reproductive toxicity studies.  If the metabolic potential of the fetal and/or neonatal liver can

be assessed in a preliminary in vitro study, this step is highly recommended.

Assuming that IV and ora l dosing stud ies have  already been completed for both male and  female adu lt

animals prior to the reproductive pharmacokinetic studies, sampling can be more limited, ie. excretion studies

combined with limited sampling of maternal blood, fetuses, milk, and neonatal tissues may be sufficient for

characterization of the metabolic and pharmacokinetic processes of interest in pregnancy.

Depending on the types of toxic effects observed and the importance of understanding the mechanisms of

these effects to the safety assessment of a direct food or color additive  used in food, additiona l biochemical or in

vitro experim ents m ay be subm itted by the  petitioner in support of any mechanism proposed.  Such studies should

be substance-specific, and should be based  on consulta tion with C FSAN, as appropriate . 
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V D. Immunotoxicity Studies

Exposure to various chemica ls has been associated w ith toxicity of the imm une system in animals; these

include environmental contaminants, chemicals in the occupational environment, and direct and indirect food

additives.  R egulatory agencies, including FD A, 1 have recognized the importance of these types of effects for

assessing the safe ty of chem icals to which humans may be exposed.  Because of the rapid emergence  of the field

of imm unotoxicology during the  past two decades and the abundance of information that has accumulated w ith

regard to the immune system as a target organ, various  federal agencies and international organiza tions are

preparing guidelines for the conduc t of im munotoxicity  studies. 2-6  In addition, various testing approaches have

been proposed by researchers in the fie ld. 7-13

1. Immunity:  A Brief Review

The im mune  system  has  been described in detail in  a number of excellent reviews. 14-18  Thus, only those

aspects of immunity which are pa rticu larly  relevant to  immunotoxicity  test ing will be  review ed in this section. 

Imm unological function encompasses  a com plex array  of participating cell types and organ systems.  Imm unity

may be defined in relation to the function of the various cellular components.

a. Humoral Immunity

Hum oral imm unity is defined in terms of the B-lymphocytes (B-cells), the antibody producing cells of the

immune system.  The B-cells, named because of their functional similarity to antibody-producing cells derived

from the Bursa of Fabricius in birds, are  found prim arily in the spleen, lymph nodes, Peyer's patches in the  gut,

peripheral blood and bone marrow.  The bone marrow is also the site of origination of B-cell precursors, the stem

progenitor cells.

Imm unoglobulins (Igs), the class of proteins that is com prised of the  antibodies, are further classified with

regard to particular peptide regions found on the light and heavy chains.  At least five major classes of

imm unoglobulins have been defined for man and  animals: IgA, IgD, IgE, IgG , and IgM .  Antibodies function  in

concert with com plement proteins that are produced in the liver and by macrophages to provide protection against

bacterial and viral infections.  Antibodies also help protect man and animals from agents that cause tumors and

from  som e spontaneously  occurring tumor cells .  

Humoral immunity can be further classified with regard to the dependence of antibody production on T-

lymphocyte help: T-cell dependent and T-cell independent immunities.

b. Cell-M ediated Immunity (CM I)

CM I derives its name from classical studies that demonstrated adaptive cell transfer of imm unological

function, gra ft v. host reactiv ity, e tc.  CMI is associated with the T-lym phocytes or T-cells (thym us-derived). 

Various classes of T-cells have been described, such as suppressors, helpers, inducers, and cytotoxic cells.  Some

of these T -cell types a re involved in B-cell immunoregulation.  T-ce lls secrete various peptide factors, referred to

as lymphokines or cytokines, that modulate the activity of B- and T-cells.  Cytotoxic T-cells participate in direct

killing of invading microorganisms and tumor cells.  T-cells are now com monly defined in terms of various

membrane "antigens" , such as T -4 (or CD 4) for helper/cytotoxic cells and T -8 (or CD 8) for suppressor/cytotox ic

cells.



c. Non-Specific Immunity

Non-specific immunity is derived from other cell types that participate in the imm une process.  Natural

killer (NK) cells are a group of cells that share certain properties with T-cells, but probably arise from different

stem progenitor cells. 19   These ce lls are known to play an im portant role in immune surveillance against

spontaneous tumor formation.  They also serve as  a first line of defense, in cooperation w ith other phagocytic

leukocytes (phagocytes or granulocytes), in the destruction of invading viruses and bacteria.  Macrophages

(activated monocytes) play a key role in antigen processing and presentation to lymphocytes; they interact with the

T- and B-cells to facilitate antibody production.  These cells also secrete cytokines, such as interleukin-1, which

modulate certain T-cell functions.

Modulation  of host resistance to infec tious organ isms can be  the result of either direct or indirect effects

on various cell components.  Reduction in host resistance is referred to as imm unosuppression.  Severe or

prolonged imm unosuppression, as manifested in acquired imm unodeficiency syndrome (AIDS), can result in an

overwhelming number of infections, tumor formation, and death.  Immune enhancement or hyperactivity of the

imm une system can result in hypersensitivities, such as allergic disorders and autoimm une diseases.  The

mechanisms of these disorders and diseases are com plex and are dependent on fac tors such as genetic

predisposition, age, medical condition, and environment.  The development of autoimm unity, which has been

associated with the use of various drugs, 20 can have a  pronounced toxic effect on a number of organ systems.

True allergic reactions, which are mediated mainly by IgE in man and certain animals, can result in a life-

threatening condition known as anaphylactic shock.  Certain food additives, such as sulfites, have been restricted

in use because of their high sensit izing potential. 21   Other food chemicals have  been associated with

hypersensitivity-like conditions such as the toxic oil syndrome 22 and tryptophan-induced eosinophilia myalgia.23  

2. Key Concepts in Immunotoxicity Testing

These guidelines relate to the safety assessment of direct food additives and color additives used in food;

such assessments are done on a case-by-case basis.  The recommendations for immunotoxicity testing of food and

color additives used in food presented in this section may or may not be relevant to those of other agencies and

organizations.  However, certain concepts from which these recomm endations derive are shared by various

others10,11,12,24  including the World Health  Organization. 6  Other concepts may be unique to FD A, since these

guidelines have been developed within the toxicity testing framework set forth in this book.  These concepts are:

4  Two types of imm unotoxicity tests/procedures  are defined: Type 1 Tests are those  that do not require

any perturbation of the  test anim al, such as im munization and challenge  with an infectious agent.

i)  Primary  indicators of immune toxic ity  are  derived from Basic Type 1 Tests, such as

hematology and serum chem istry profiles, routine histopathology examinations, and organ and

body w eight m easurements from standard  toxicity studies described in other sections of this

book.  Additional procedures, such as measurements of thymus weights and performance of

more definitive histopathological evaluations of immune-associated organs and tissues, have

been added.  

ii)  Indicators of immune toxic ity  can a lso  come from Expanded Type 1 Tests.  These  tests are

logical extensions of Basic Type 1 tests; for example, Expanded Type 1 tests may extend the

hematology, serum chemistry, and histopathology evaluations of standard toxicity studies.  Many

of these expanded tests can be performed with the same blood and tissue samples collected for

the Basic Type 1 tests; in addition, many of the expanded tests can be performed retrospectively.

4  Type 2 Tests include injections or exposure  to test an tigens, vaccines, in fectious agents or tum or cells . 

If Type 2 tests are to be performed concurrently with a standard toxicity study, a satellite group of

animals should be added to the recomm ended number of test animals in the study.  Protocol designs for

standard toxicity studies that include a satellite group of animals for Type 2 immunotoxicity tests will be



recom mended when available inform ation indicates that a  test com pound  may presen t an immunotoxic

risk.  

4  Sets of Basic and  Expanded Type  1 Tests are defined as Level I Imm unotoxicity Tests.  Some Level I

tests screen for immunotoxic  effects in test animals; others focus on defining an im munotoxic  effect m ore

specifica lly, such as determining the m echanism or cell types involved.  Analogously , sets of Type 2 tests

are defined as Level II Imm unotoxicity Tests; Level II tests also can be used to screen for, or more

specifically define, immunotoxic effects of food and color additives used in food.

3. Indicators of Possible Immune Toxicity

Basic Type 1 Tests:  Primary Indica tors

The primary indicators of possible immune toxicity are derived from routine measurements and

exam inations perform ed in toxicity studies recom mended in other sections of this  publica tion (Basic Type  1 tests). 

Indicators derived from short-term and subchronic  toxicity studies, and developm ental toxic ity studies w ith

rodents are listed below.  If a substance produces one or more of these primary indicators of immune toxicity,

more definitive imm unotoxicity tests (Expanded Type 1 tests or Type 2 tests) may be recomm ended; such

decisions will be made on a case-by-case basis.

a. Indicators from Short-Term and Subchronic Toxicity Studies

4  Hematology Indicators:  Elevation or depression in white blood cell (WBC ) counts; altered differential

WBC counts; lymphocytosis and lymphopenia; and eosinophilia.

4  Clinical Chemistry Indicators :  Elevated or reduced total serum protein in combination with an

abnormal album in-to-globulin  (A/G) ratio.  Other indicators often  associa ted with imm unologic

dysfunction include abnormal levels of liver proteins and enzymes, such as albumin and the

transaminases.

4  Histopathology Indicators:  Abnormalities found during gross and routine histological evaluation of

the lym phoid tissues, e.g. spleen, lym ph nodes, thymus, gut-assoc iated lym phoid tissue (GA LT, in

particular Peyer's patches), and bone marrow.  Morphologic abnormalities such as scattered, focal mono-

nuclear cell infiltrates in non-lymphoid organs (e.g. kidney and liver) may be relevant to autoimmune

disease.  If differences are seen in any lymphoid tissue, attention should be given to "cellularity" and

prevalence of activated macrophages.  The description could include in situ descriptions of the types of

cells, density of the cell populations, lymphocyte distribution relative to distinguishing structures or

defined areas of the organ.   (In these instances, the effect does not need to be defined rigorously for

each animal.  The number of animals observed, however, should be a statistically significant

sam ple size.) The histopathological analysis of routinely stained (hematoxylin and eosin) samples of the

spleen should inc lude descriptions of lym phocyte distribution  and proliferation in known T- and B-cell

areas, such as the germinal centers (for B-cells) and the periarteriolar lymphocyte sheath (PALS) for T-

cells if abnormalities are observed.  The histopathologic analysis of the lymph nodes and Peyer's patches

should include a description of the imm une activation (i.e. the relative number of follicles and germinal

centers) when abnormalities or lesions are observed in these organs.  When abnormalities of the thymus

are obse rved, histopa thologic analysis should be  descriptive  and quantitative as possible  with regard to

atrophy and necrosis and  other observations.  If the test com pound  is shown to either stim ulate ce ll

proliferation, or to cause atrophy and cell depletion in any lymphoid organ, the effect is likely to be

viewed as a potentially immunotoxic effect requiring more definitive testing.

4  Organ and B ody W eight Indicators:  Elevated or depressed spleen and thymus weights; elevated or

depressed organ-to-body-weight ratios for the spleen and thymus (statistical treatment of the organ-to-

body-weight ra tios should include an  ana lysis of co-variance, with body  we ight as the co-variant). 



Elevated or depressed body weights, although primarily an indicator of endocrine function, may a lso

indicate indirect imm unotoxic effects, since endocrine function can significantly effect the immune

system.

b. Indicators from Developmental Toxicity Studies

4  Morbidity and Mortality Indica tors:  Unusual incidence of maternal infections.

4  Histopathology Indicators:  Abnormalities found during gross evaluation of the fetal liver, spleen, and

thymus.

4  For animals in the F1 and F2 generations:

i)  Hematology Indicators:  Elevation or depression in white blood cell (WBC ) counts; altered

differential WBC  counts; lymphopenia and lymphocytosis; and eosinophilia.

ii)  Clinical Chemistry Indicators :  Eleva ted or reduced tota l serum protein in combination w ith

an abnormal albumin-to-globulin (A/G) ratio.

iii)  Histopathology Indicators:  Abnormalities found during gross and routine histological

evaluation of the lym phoid tissues, e.g. spleen, lym ph nodes, thymus, gut-assoc iated lym phoid

tissue (GAL T, in particular Peyer's patches), and bone marrow.  Morphologic abnormalities such

as scattered, focal mono-nuc lear cell infiltrates in non-lymphoid organs (e.g. kidney and liver)

may be relevant to autoimm une disease.  If differences are seen in any lymphoid tissue, attention

should be given  to "cellularity" and prevalence of ac tivated m acrophages.  The description could

include in situ descriptions of the types of cells, dens ity of the ce ll populations, lymphocyte

distribution rela tive  to distinguishing structures or defined areas of the  organ.  (In these

instances, the effect does not need to be defined rigorously for each animal.  The number

of animals observed, however, should be a statistically significant sample size.) The

histopathological analysis of routinely stained (hematoxylin and eosin) samples of the spleen

should include descriptions of lymphocyte distribution  and proliferation in known T- and B-cell

areas, such as the germinal centers (for B-cells) and the periarteriolar lymphocyte sheath (PALS)

for T-cells if abnormalities are observed.  The histopathologic analysis of the lymph nodes and

Peyer's patches should include a description of the immune activation (i.e. the relative number of

follicles and germinal centers) when abnormalities or lesions are  observed in these  organs. 

When abnormalities of the thymus are observed, histopathologic analysis should be descriptive

and quantitative as possible with regard to atrophy and necrosis and other observations.  If the

test com pound  is shown to either stim ulate ce ll proliferation, or to cause atrophy and  cell

depletion in any lymphoid organ, the effect is likely to be  viewed as a  potentially  imm unotoxic

effect requiring more definitive testing.

iv)  Organ and B ody W eight Indicators:  Elevated or depressed spleen  and thymus weights;

elevated or depressed organ-to-body-weight ratios for the spleen and thymus (statistical

treatment of the organ-to-body-weight ratios should include an  analysis o f co-variance, with

body weight as the co-variant).  Elevated or depressed body weights, although primarily an

indicator of endocrine function, may also indicate indirect imm unotoxic effects, since endocrine

function can  significantly  effect the immune system.

4. Expanded Type 1 Immunotoxicity Tests

Assessing the safety of food and color additives used in food usually requires the completion of various



toxicity studies.  In addition to the screen of primary indicators of possible imm une toxicity provided by these

toxicity studies and summarized above, add itional tests for further evaluation of the im munotoxic  potential of a

test substance may be recom mended by the A gency.  The additional tests can be Expanded Type 1 Tests,

discussed in this section, or Type 2 Tests, discussed in the next section.  The Agency's recomm endation that

specific imm unotoxicity tests be performed on test substances will be made on a case-by-case basis.  Expanded

Type 1 immunotoxicity tests include:

4  Hematology Tests:  Flow cytom etric analysis of B-lymphocytes, T-lym phocytes, and T -lymphocyte

subsets (TH + TS or CD4 and CD8);  immunostaining (immunoperoxidase or immunofluorescence) of B-

lymphocytes, T-lymphocytes and T-lymphocyte subsets from peripheral blood or single cell suspensions

from  the spleen. 25-29  

i)  Hematology Indicators:  Decreased or elevated percentages of any of the various lymphocytes

relative to controls and abnormalities in the B-ce ll/T-cell and the TH/TS (CD4/C D8) cell ratios;

these should be determined from differential counts of the imm unostained preparations or from

cytom etric  ana lysis.  

4  Serum  Chemistry Tests :  Electrophoretic analysis of serum proteins to permit separation and

quantification of the relative percentages of albumin and the "-, $-, and J-globulin fractions;

quantification of J-globulin fractions (IgG, IgM, IgA, and IgE); analysis of total serum complem ent and

components of complem ent (such as C3) from CH -50 determinations; immunochem ical assay of serum

cytokines, such as IL-2, IL-1, and J-interferon; quantification of serum  auto-antibodies, such as anti-

nuclear, anti-mitochondrial, and anti-parietal cell antibodies.

i)  Serum  Chemistry Indicators :  Statistically significant variations between experimental and

control groups of animals for any of the parameters listed above.

4  Histopathology Tests:  Immunostaining of B-lymphocytes in the spleen and lymph nodes, using

polyclonal antibodies to IgG  of the test animals; 30,31 immunostaining of T-lymphocytes and T-

lymphocyte subsets in the spleen, using monoclonal or polyclonal antibodies to various cell markers;

micro-metric measurements of germinal centers and PALS of the spleen and the follicles and germinal

centers of lymph nodes; morphometric analysis of the relative areas of the cortex and medulla of the

thymus, using routinely stained histopathology sections.

i)  Histopathology Indicators:  Statistically significant variations between experimental and

control groups of animals for any of the parameters listed above, using both analysis of variance

(ANOV A) and a m ultiple comparison T-test, such as Dunnett's.32

4  Tests for In Vitro  Analysis of the Functional Capacity of Specific Cell Types:  

i)  Activity of Na tural Killer (NK) Cells:  The functional capacity of NK cells can be measured

using the  classica l 51Cr chromium release assay; 19  this assay is well standardized and has been

used successfully  with both mice and  rats  in va rious immunotoxicity  studies. 33-35  Of particular

concern is reduced NK  cell activity, which may be correlated with increased tumorigenesis and

infectivity.

ii)  Mitogenic Stimulation Assays for B- and T-Lymphocytes:  Certa in plant lec tins stimulate

blastogenesis and DNA  synthesis of T- and B-lymphocytes: concanavalin-A (Con-A) and

phytohemagglutinin (PHA) are known to preferentially stimulate T-lymphocytes, and an extract

from pokew eed (PWM) as we ll as certain bacterial lipopolysaccharides (LPS) and protein

extracts are known to preferentially stimulate B -lymphocytes in vitro.  Since these assays are

carried ou t ex vivo, they can  be perform ed on preparations of peripheral blood.  The assays are

well characterized for use in various animals species (including man36), can be performed on

either peripheral blood or spleen-cell suspensions, and have been used in a number of

immunotoxicity  studies. 2,8,9,10,12,13,35,37  Both  reduced and e levated  levels of blastogenesis or 3H



incorporation into DNA are of interest in the evaluation of the immunotoxic potential of food

and color additives used in food.

iii)  Phagocytotic Index of the Macrophage:  Various assays  to determ ine the phagocytotic

ability of m acrophages have been described. 24,38,39  These assays measure  the ability of a

macrophage to ingest particulate substances, such as plastic beads or iron filings, and can be

perform ed on peripheral b lood or single cell suspensions of lymphoid organs, such as the spleen. 

Other assays measure the capacity of the macrophage to destroy live bacteria through lysosomal

enzyme ac tivity. 40

iv)  Stem C ell Assays:  Bone marrow preparations can be used to investigate the pluripotent

population or specific progenitor populations. 41  Although these assays have not been used

extensively in imm unotoxicity evaluations, they may be recommended when histopathological

evaluation indicates that  the test substance may have caused changes in bone marrow.

5. Type 2 Immunotoxicity Tests

Evaluating the  functiona l capac ity of the immune system requires injec ting a substance  that elicits

imm unological reactivity in a test animal.  Various antigens provide information about the types of immunity or

cells that may be involved in an immune response.  For example, protein antigens usually elicit T-dependent

imm une responses with subsequent production of antibodies to the protein.  Polysaccharides elicit T-independent

immune responses.  Some antigens elicit cell-mediated immune responses, while imm unogens such as complex

bacteria and viruses may elicit humoral and cell-mediated responses.  All of the antigens listed below have been

tested in rodents; when an antigen has been used preferentially with a particular rodent species, this is noted.

4  T-Dependent Test Antigens:  One of the m ost widely used an tigens for rodents 2,7,8,9,10,24,30,42,43 and non-

rodents is sheep red blood cells  (SR BC). 1,4-9,30,34,35,42,44  For example, SRBC s have  been w idely used in

mice in the P laque-Forming Cell Assay: 45,46 antibody-produc ing spleen cell suspensions are m ixed w ith

SRBCs, placed on covered slides, and incubated; each antibody-producing cell causes a small, clear area

(plaque) to form on the slide; the plaques are then counted.  Other T-dependent test antigens that have

been widely used include keyhole limpet hemocyanin 10 and bovine serum albumin.

4  T-Independent Test Antigens:  Ficoll, a branched chain polysaccharide , haptena ted ficoll,

polyvinylpyrrolidone, and bacterial lipopolysaccharides have been used as T-independent test antigens

with m ice and  rats . 47 

4  Human V accines:  Human T -dependent vaccines, such as tetanus toxoid, and the T-independent

vaccine contain ing pneum ococcal polysaccharide  antigens have been used in both rats and m ice. 48-50  It is

possible to  com pare responses of the test spec ies to the vaccines with human responses, because standard

hum an sera  are ava ilable from FD A's Center for Biologics. 51

4  Test Antigens for Cell-Mediated  Imm une (C MI) Reactivity:  Contact sensitizers such as

dinitrochlorobenzene (DNC B) have been used to elicit delayed hypersensitivity (DTH) responses as a

measure of C MI in animals.  These assays can  be perform ed in rodent 52 as w ell as non-rodent species. 

The DT H assays are economical and correlate well with decreased CMI and host resistance to infectious

agents in hum ans, 53 as w ell as animals. 54  The mixed-lymphocyte response (MLR) assay, which uses

lym phocytes from  a different strain , has  been successfully  used to eva luate C MI in m ice. 2

4  Host Resistance  Assays with Infectious A gents:  A number of bacte rial strains have been used to

measure host resistance, including Listeria monocytogenes, various strains of Streptococcus, and

Escherichia coli. 54  Useful viral models 55,56 include influenza, herpes, and cy tom egalovirus. 57  A yeast

infectivity model using Candida albicans has been described, as well as parasitic infectivity models using

Trichinella spiralis  and Plasmodium  yoelli.55,58



4  Host Resistance  Assays Using Syngeneic Tumor Cells:  Various assays of host resistance have been

described using a number of cultured tum or cell lines. 58,59   These assays, unlike those involving the infectious

agents discussed above, do not require special barrier facilities to prevent infections from spreading throughout an

animal colony.  Two mouse  assays have been validated: the PYB6 sarcoma assay and the B16F10 melanoma

assay.60  An assay using a lung tumor model and the M AD B106 tum or cell line a lso has been validated for use  in

immunotoxicity  studies. 61 

6. Relevance of Primary Indicators of Immune Toxicity to Health

a. Hematological Indicators

Hematologic screens recommended for toxicity studies are basically the same as those performed

clinically as human health screens.  Depressed or elevated WBC counts may be indicative of direct or indirect

effects of the test substance on cellular proliferation and distribution.  Total WB C counts are used clinically as a

presum ptive test for infection; they are also  used to eva luate the severity of an inflammatory or alle rgic  process. 

Routine differen tial WBC  counts a re used to  differentiate among som e types of infections and inflam matory

responses; they also are used as a screen for toxicologic or pharmacologic effects: for example,

immunosuppressive drugs may cause lymphopenia.

  

Altered lymphocyte counts may be relevant to immunodeficiency.  Increased numbers of

polym orphonuclear leukocytes can result from  pathogenic infections and from pyrogenic and  inflammatory

processes.  Eosinophilia is often associated with allergenic processes.  It may also indicate an infectious, reactive,

or neoplastic process.  Altered red blood cell counts and platelet counts can be associated with autoimm une

processes.

b. Serum Protein Indicators

Estimates of total serum proteins and the albumin/globulin ratio may give useful information about liver

and lymphocyte function.  The "- and $-globulins (i.e. "- and $-G) are primarily produced in the  liver; J-G are a

product of the B-lymphocytes.  Depressed $-G levels could  lead to decreases in com plem ent proteins that are

required for phagocytosis; this could produce decreased resistance to bac terial infections.  Reduced levels of J-G

also cou ld mean reduced levels of an tibodies necessary for hum oral immunity to infectious agents.  Altered  levels

of J-G may indicate an effect on B-lymphocytes, T-lymphocytes, or simultaneous effects on both types of cells.

However, total globulin levels do  not give specific inform ation about which im munoglobulin classes are

affected.  Thus, when globulin levels are reduced, specific quantitative assays for the J-G subclasses may be

recommended.  Electrophore tic  and immunoelectrophore tic  analyses of the serum J-G subclasses or quantitative

assays such as Enzyme-Linked Imm unosorbent Assay (ELISA), Radioimmunoassay (RIA), or radial

imm unodiffusion may be recomm ended.  This information may be important because reductions in J-G and J-M

may be relevant to infection by opportunistic and pathogenic organisms, and changes in J-A m ay indicate effec ts

of the test substance on  secretory im munity, such as gut-m ediated im munity.  

c. Histopathology Indicators

Abnormal results from gross and histological evaluation of the lymphoid organs (usually the spleen,

thymus, and lymph nodes) are important indicators of various immunotoxic effects; histological evaluation of

Peyer's patches and bone marrow also is recomm ended in screening for effects of a test substance on the imm une

system.  Atrophy of the thymus gland with associated depletion of cortical thymocytes could be an indication of

imm unosuppression.  Concomitantly, a similar effect on the lymphocytes in the periarterial lymphocyte sheath of

the spleen (PALS) would indicate an effect of the test substance on T-cells: both cell-mediated and humoral



imm unity can be affec ted.  In the spleen and lymph nodes, defined reg ions are m ore densely populated w ith

B-lymphocytes, with activated, antibody-producing B-cells, or with plasma cells.  Effects on B-cell regions of

these organs could be an indication of immunosuppression or imm unoenhancem ent, depending on the result

obtained.

d. Body and O rgan W eights

Body and  organ w eights are  genera lly recorded during toxicity studies.  Spleen weights are usually

recorded in all toxicity studies, but thymus weights may not be recorded in long-term studies.  The thymus gland

grows rapidly in young animals but begins to involute as the animals reach sexual maturity.  In old animals, the

thymus may be difficult to detect and measure because of the degree of involution.

Organ weights by themselves or in relation to body weights can be sensitive measures of organ atrophy or

hypertrophy, but yield little information about immunotoxic effects.  Reduced organ weights can result from direct

effects on lymphocyte proliferation and  diffe rentiation and m ay be relevant for assessing immunosuppression. 

Hypertrophy of the  lym phoid organs is  usually  associated with increased prolife ration of cel ls (hyperplasia). 

Increased proliferation of lymphocytes can result from  infections, stim ulation by  xenobiotics, altered m etabolic

processes, and certain forms of trauma, reactive, or autoimm une processes.  In practice, however, changes in organ

weights or organ-to-body-weight ratios are m ore relevant to immune toxic ity when they  are associated w ith

appropria te histopathology findings.  

7. Adequacy and Reliability of Primary Indicators of Immune Toxicity

If all primary indicators of possible immunotoxicity from toxicity studies are negative for a test

substance, would this effectively rule  out the possibility that the test substance produces significant im munotoxic

effects?  T he answer to this question  is complex; som e of this com plexity de rives from the fact tha t the primary

indicators of possible immune toxicity listed above are not sufficiently specific or sensitive to provide

unam biguous answ ers.  For example, it is not possible to d ifferentiate  B -lymphocytes from  T-lym phocytes in

routinely stained sections of lymphoid tissues, and standard hematology tests cannot distinguish among

subcategories of T-lymphocytes.  Special immunochemical stains, however, permit B- and T-cells to be visualized

in tissue sections and blood smears, making available more information about the imm unotoxic effects of the test

substance. 

If only short-term toxicity studies are performed on a particular test substance, concern about the

adequacy and reliability of the immunotoxic  indicators from  these stud ies may be h igh.  Subtle  imm unotoxic

effects or immune toxicities that develop only after prolonged administration of the test substance may not be

detected in short-term toxicity studies.  Conditions  of the longer-term toxicity studies, however, may m ake it

difficult to detect some imm une toxicities: the use of barrier facilities is common in carcinogenicity studies;

because barrier facilities limit exposure of test animals to exogenous infectious microorganisms, detecting

possible imm unotoxic effects of a test substance in carcinogenicity studies may be com promised because

spontaneous infection rates and mortality are evaluated as primary indicators of possible immunotoxicity in such

studies.

Even with  this disadvantage , many investigators and  regulatory  authorities recommend specific tests to

identify  and  characterize im mune  system  toxicities only when screening tests or indicators are positive. 6,11 

Additional rationale for this approach com es from the fact that most short-term toxicity studies incorporate at least

one dose in the potentially h ighly toxic  dose range.  Additional tests for im munotoxic ity should be perform ed to

verify positive immunotoxic effects noted during screening studies or to determine if the positive result obtained

for a primary indicator was a false positive indication of imm unotoxicity.  For example, certain test substances

may cause increased or decreased food intake; nutritional deprivation from significantly decreased food intake has

been shown to cause thym ic and splenic atrophy . 62  Effects on the endocrine system, such as stimulation of the

production of growth hormone 63 or prolactin 64 and  decreased  levels of adrenocorticoste roids, 65 can stim ulate



growth of the thym us.  In response to such  stimuli, involution of the  thymus may proceed a t a different rate in

animals exposed to the test substance than in control animals.  Therefore, measuring thymic weights at one

specified time in a short-term toxicity study could give false positive or false negative indications of the test

compound's imm unotoxic potential.  For this reason, the Agency recom mends that a study of the effects of a test

substance on thymic growth and involution be conducted at two or more time points during the study (such as

midterm and final sacrifice).  Because  sex differences have been dem onstrated  for various im munologic

studies,30,66 both sexes should be included in imm unotoxicity evaluations.

There are data which suggest that the primary indicators do not evaluate toxic effects on all types of

imm une-related cells.  Recent studies have shown that NK cell function may be affected without concomitant

effects on either B- or T-lymphocytes.61  Other studies have shown that functional defects of specific lymphocytes

can occur without apparent changes in the prolifera tion or morphology of the cells as observed in  standard

histopathology preparations:11,67,68  the morphology of the cells is normal and a false negative result would be

obtained in these instances.

8. Recommendations for Further Immunotoxicity Testing when Primary Indicators of
Immunotoxicity are Positive

Assessing the safety of food and color additives used in food usually requires the completion of various

toxicity studies.  In addition to the screen of primary indicators of possible imm unotoxicity provided by these

toxicity studies and summ arized above, additional tests for further evaluating the immunotoxic potential of a test

substance may be recomm ended by the Agency.  In the sections that follow, the adequacy of primary indicators of

imm unotoxicity for test substances that have been assigned to each Concern Level will be discussed.  The

Agency's recommendation that specific immunotoxicity tests be performed on test substances that have been

assigned to Concern Levels I, II, and III will be made on a case-by-case basis.

a. Immunotoxicity Studies for Compounds that have been Assigned to Concern Level III

Test compounds that have been classified as Concern Level III substances present the highest level of

concern about their safe use as direct food additives and color additives used in food.  When these substances

undergo toxicity testing, primary immunotoxicity  indicators may be negative, marginal, or posit ive. 

Immunotoxicity tests  suitable for each of these si tuations wil l be discussed below.

   

i. Immunological Tests when Primary Indicators of Imm unotoxicity are Negative or Marginal

If the primary immunotoxicity indicators from recomm ended toxicity tests are not positive, then no

additional tests for the imm unotoxic potential of the Concern Level III test compound would be recommended

unless the re were special circum stances.  Such c ircumstances may include: 1) the rodent strains employed in

toxicity testing were highly inbred and are know to be resistant to imm unotoxic effects; 2) barrier or other

facilities were used for long-term and short-term toxicity studies, which m ay have precluded exposure of the test

animals to normal infectious agents present in the environment; and 3) omissions from the recomm ended guideline

for standard toxicity tests, such as not measuring thymus weights during the growth phases of the test animals or

omitting histopathologica l analysis of certain lym phoid organs.  In these  situations, som e Type 1 im munotoxic ity

tests and a Type 2 imm unotoxicity study of host resistance may be recomm ended, particularly if specific tests for

imm une toxicity had not been incorporated into subchronic toxicity studies.

ii. Immunological Tests when Primary Indicators of Immunotoxicity are Positive

When any of the prim ary indica tors suggests that a Concern Level III test substance has an immunotoxic

effect, additional testing w ill be recom mended in order to assess the extent of risk to the  imm une system.  In

addition, positive effects on other target organs may indicate the need to assess the autoimm une potential of the



compound.

Certain indicators may derive from effects on either B-cells or T-cells, or may be derived from effects on

both types of cells.  However, most of the prim ary indica tors of immune toxic ity are nondiscriminating w ith

respect to specific lymphocytes involved and specific imm une functions affected.  Standard histopathology

evalua tion may provide som e clues  if there is an effec t on the thymus or if areas in the  spleen or lymph nodes are

associa ted with specific types of lym phocytes.  The  objectives of expanded Levels I and II immunotoxic ity tests

are to delineate the specific cells type(s) which are affected, to evaluate the extent to which specific imm une

functions are im paired, and  to relate  these effec ts to risks such as infection, hypersensit ivity , and  carcinogenicity. 

The imm unotoxicity tests described in the following sections are for use with rats, and all tests should be

conducted on each test animal.  However, tests have been, or can be, adapted for use with mice or non-rodent

species.  When mice are used as test animals, serum from animals in each experimental group may need to be

pooled if there is an insufficient quantity of serum from each anim al to perform recom mended hem atology tests.

a) Retrospective Level I Tests:  No additional animals are needed for Retrospective Level I

imm unotoxicity tests when at least 10 animals of each sex are used in a standard toxicity study and

appropriate samples of blood and tissues are properly treated and preserved.  After removing blood cells,

serum samples should be prepared by high-speed centrifugation, sterilized by filtration, and stored at 4-

5oC in sealed containers.  At least half of each lym phoid tissue/organ should be fixed briefly  in Bouin's

fixative (or other fixative shown to be appropriate) and stored in alcohol; sections from the tissue/organ

can be  processed for histopathological analysis by routine  staining or by im munostaining.  

If the standard toxicity study was a subchronic or chronic study (with exposure to the test substance for

90 to 120 days), and primary indicators suggested that the test material may be immunotoxic, the following

Retrospective Level I tests should be performed on serum sam ples from the study:

i) Electrophoresis of serum proteins.

ii) Quantification of serum  imm unoglobulins (IgG , IgM, IgA , IgE).

iii) Imm unostaining for B- and T-lymphocytes in spleen and  lymph nodes and micrometric

analysis of the number of stained cells in specific regions of these organs.

iv) Screening for serum autoantibodies to DNA , mitochondria, and  other ce ll components

in one or more tissues, such as liver and smooth muscle.69   These tests should be performed

when  there is an indication that the test substance may a ffect B- or T-lymphocytes.

v) Imm unostaining for bound IgG may be recommended to determ ine if non-lym phoid

organ toxicities noted during the standard toxicity study (particularly a long-term toxicity study)

are due to an autoimm une reaction.

If the results of these Retrospective Level 1 tests demonstrate that the primary indicators of immune

toxicity were false positives, then no further imm unotoxicity testing would be recomm ended.  However, if the

results of these tests are inconclusive or confirm an imm unotoxic effect of the test substance, additional testing

would be  recommended.  The additional testing may include Type 1 and Type 2 immunotoxicity tests.



b) Additional Level 1 T ests:  Additional Level 1 imm unotoxicity tests cannot be performed

retrospectively, but must be incorporated into the protocol of standard toxicity studies.  However, all of

the tests described in  this section can be performed on the sam e anim als that are used in the  standard

toxicity study, provided that samples are processed appropriately.  For example, half of the spleen can be

used to make a cell suspension for cellular analysis imm ediately following sacrifice of the test animal; the

remaining half can be processed for histopathology evaluation.  Additional (non-retrospective) Level 1

tests that may be recommended include:

i) Quantitative analysis of the  B-ce ll to T-cell ratio (B /T) using  either whole blood cells

and spleen preparations or spleen preparations only.

ii) Determination of spleen cellularity (the total number of white blood cells and

lymphocytes per gram of wet tissue) and the total number of viable cells per gram of wet tissue

or per million white blood ce lls.

iii) Assay of m itogenic stimulation for B- and T-lymphocytes:

iv) Analysis of NK cells using a suspension of spleen cells:

v) Determ ination of the phagocytotic index of macrophages:

vi) Electrophoresis of serum proteins:  Although this test can be performed retrospectively,

it is listed here because  it is particularly use ful for evalua ting toxic im mune effec ts on liver,

macrophages, and lym phocytes.

c) Level II Tests:  If primary indicators of immunotoxicity from standard toxicity studies suggest

that a test compound m ay be im munotoxic , Level II tests may be recommended to identify specific

functiona l imm une defects.  These tests m ay be performed on sa tellite groups  of test anim als in

conjunction with a standard toxicity  study or they may be performed on test animals in a separate

imm unotoxicity study.  In the  latter case , Level II tests should be  performed with the sam e spec ies, strain

and age of test animals and the same doses of test substance used in the standard toxicity study of

com parable  duration.  In addition, separate Level II immunotoxic ity studies should be  3 to 6 weeks in

duration so that test animals will be exposed long enough to enable primary and secondary imm une

effects to be identified.  An add itional period of time  at the end of the study during which the  test

substance is not adm inistered would permit evaluation of the reversibility of observed immune  effects.  

The following Level II tests may be recom mended:

i)  Kinetic evaluation of primary and secondary immune responses of test animals to a T-

dependent antigen, such as SRBC , tetanus toxoid, or KLH; serum antibody titers should be

measured following initial and secondary injections of the antigen.

ii)  Evaluation of the primary humoral response to a T-independent antigen, such as

pneumococcal polysaccharides; choice of the optimum  challenge dose should be justified.

iii)  Evaluation of the delayed hypersensitivity response to a contact sensitizer during the second

half of the study.  Alternatively, evaluation of the mixed lymphocyte response can substitute for

measurement of the DTH response as long as the assay has been validated with the particular rat

strain used.

d) Enhanced Level II Tests:  These tests are designed to determine if a test substance that produces

imm une toxicity in Level I or Level II tests also affects host resistance to challenge with infectious  agents

or tumor cells.  Enhanced Level II tests may be performed with either rats or mice, because  many host

resistance tests have been validated in mice.  These tests would be recomm ended in a variety of

circumstances; for example:



i)  If primary indicators of imm unotoxicity from standard long-term toxicity studies showed

increased mortality associated with administration of the test substance and effects on humoral

imm unity were identified from Level I and Level II tests, then bacterial (e.g. Listeria

monocytogenes)58 or viral (e.g. Influenza )55 challenge tests associated with humoral immune

protection would be recommended for evaluation of host resistance.

ii)  If there are indications that consumption of the test substance is associated with increased

tumorigenesis and effects on phagocytosis, tumor challenge tests with PYB6 sarcoma, which

tests cytolytic activity of T-cells and NK cells in mice,60 would be appropriate; a similar test for

rats uses the MAD B106 tumor line.61 

iii)  Finally, for test materials that have demonstrated T-cell or cell-mediated im mune effects,

challenge tests tha t use certa in strains of Streptococcus 57 or Plasmodium  yoelli 58 would be

appropriate.

b. Immunotoxicity Studies for Compounds that have been Assigned to Concern Level II

Specific imm unotoxicity tests generally are not recommended for test compounds that have been assigned

to Concern Level II.  However, if primary indicators of possible immunotoxicity from toxicity studies conducted

on Concern Level II test substances are positive, additional Level I and Level II immunotoxicity tests may be

recommended; such recom mendations will be made on a case-by-case basis.

c. Immunotoxicity Studies for C ompounds that have been Assigned to Concern Level I

Usually, short-term acute exposure studies (up  to 30 days) are perform ed to assess the safety of Concern

Level I compounds.  Although guidelines for these studies (see Chapter IV C 3) do not recommend specific

imm unotoxicity tests, if primary indicators of possible im munotoxic ity from short-term toxicity studies are

positive, additional Level I and Level II immunotoxic ity tests may be recom mended.  Such recommendations will

be made on a case-by-case basis.  One imm unotoxicity test which measures the primary humoral response to the

T-dependent antigen SRBC  has been described for use with both rats 34 and mice 38 and has been recommended for

use in short-term screening studies.2  

9. Animal Models for Immunotoxicity Tests

a. Rodent M odels

These guidelines have focused on tests designed to assess immune toxicity in the rat.  Specific strains

have been used and validated by the Agency, including Sprague-Dawley, Spartan,30 and O sborne M endel; 69 the

Fisher 344 rat has been recom mended by others 61 for studies w ith environmental com pounds.  Other strains of rat,

such as the Buffalo strain, have been used in special studies to evaluate autoimmune disease potentiation.70-72  In

addition, several mouse strains (mainly inbred strains) have been used to assess immune toxicity.

b. Non-rodent M odels

Use of the dog for various immunopharmacologic studies has been described in the scientific literature.73 

Level I immunotoxicity tests described in these guidelines can be performed on most large animal species; Level

II immunotoxicity tests in other non-rodent models also may be acceptable, if validated: use of primates has been

described. 74  Also, miniature swine have been shown to be an excellent non-rodent species for evaluation of

various immune  functions. 75-79  The Agency has validated a num ber of immune function assays for use with this



model.

Immunomodulation of porcine as well as other food animals have been reviewed.75  Other perspectives on

animals selection have been reviewed. 76

10. Recommended Strategy for Assessing the Immunotoxic Potential of Direct Food
Additives and Color Additives Used in Food

4  Primary indicators of imm unotoxicity should be evaluated  for short-term (28-day) toxicity studies,

subchronic (90-day) toxicity studies, and developmental toxicity studies. Results of these evaluations

should be incorporated into  an integrated assessm ent of the potential for a test chem ical to adversely

affect the immune system.  Based on this assessment, an explicit statement should be made as to whether

or not the test chemical represents a potential immunotoxic hazard which requires further testing.

4  Additional studies to assess the imm une toxicity of food and color additives used in food will depend

on the results of the evaluation of primary indicators of imm une toxicity, the Concern Level to which the

additive has been assigned, and other information available concerning the imm unotoxicity of the

additive.  

11. Conclusion

The hierarchical grouping of recomm ended im munotoxicity tests by specificity and mechanics (e.g. tests

that use  injectable substances) can facilita te including im munotoxicity  test ing in standard toxicity studies. 

Expanded testing on existing samples is possible, and allows for a more definitive identification of potential

imm unotoxic effects.  Such expanded testing m ay be necessary when additional inform ation about a possible

immunotoxic effec t is im portant for the safety  assessment of a  direct food additive  or color additive used in food. 

Immunotoxicity tests recomm ended in this section are summ arized in Table 1 below.  



Table 1

Summary of Immunotoxicity Testing Recommendations for Direct Food Additives

                                                                                                                                    

Basic Testing (Rat M odel)

< CBC , WBC  differential
< Total serum protein, albumin-to-globulin ratio (A/G)
< Histopathology, gross and microscopic (spleen, thymus, lymph nodes, Peyer's patches, and  bone
marrow)
< Lym phoid organ and body weights

Retrospective Level I Testing: Included as a Possible Requirement in Standard Toxicity Study

< Electrophoretic analysis of serum proteins* (when positive or marginal effect noted in basic testing)
< Immunostaining of spleen and lymph nodes for B and T cells* (quantification of total Ig)
< Serum autoantibody screen and deposition of Ig (micrometry for semi-quantitation of the proliferative
response)  

Enhanced Level I Testing: Included as a Possible Requirement for More Complete Screening in the
Standard Toxicity  Study Core Group, w ith a Satellite Animal Group, or in
a Follow-Up Study

< Cellularity of spleen (lymph nodes, thymus when indicated)
- Quantification of total B and T cells (blood and/or spleen)
- Mitogen stimulation assays for B and T cells (spleen)
- NK functional analysis (spleen)
- Macrophage quantification and functional analysis (spleen)
- IL-2 functional ana lysis (spleen) 

< When indicated or for more complete analysis, other endpoints such as total hemolytic 
complem ent activity or CH-50 assay with serum

Level II Testing: Includes a Satellite Group or Follow-Up Study for Screening of Functional
Immune Effects

< Kinetic evaluation of the humoral response to a T-dependent AG (primary and secondary 
responses with either SR BC , TT, or other)
< Kinetic evaluation of the primary hum oral response to  a T-independent AG such as  Pvax, TNP-
LPS, or other recognized AG
< DTH  response to known sensitizer of known T-cell affecter
< Reversibility evaluation 

Enhanced Level II Testing: Includes a Satellite Group or Follow-Up Study For Evaluation of 
Potential Immunotoxic Risk

< Tum or challenge (M AD B106 or other with the  rat; PYB6 sarcom a with a mouse m odel)
< Infectivity challenge (Trichinella , Candida or other w ith the rat; Listeria  or other with the mouse)

_________________________________________________________________________________________

Abbreviations:  CBC  = complete blood count; WBC  = white blood count; Ig = immunoglobulin; NK = natural
killer; IL-2 = interleukin-2; SRBC  = sheep red blood cells; and TNP-LPS = trinitrophenol
lipopolysaccharide.

* Recom mended for inclusion in basic testing.
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Chapter VI

Human Studies:

This chapter presents general guidelines for the conduct of human clinical studies on foods and food

ingredients.  It also describes the types of human epidemiology data that may be useful to the Agency in assessing

the safety of direct food additives and color additives used in food.  Because hum an clinical studies were not

included in the 1982 guidelines for direct food additives and color additives used in food, important issues related

to these  studies are discussed at length in this chapter.  

The Agency does not require petitioners to conduct human clinical studies to support the safety of direct

food additives and color additives used in food.  However, petitioners may elec t to perform such stud ies in certain

circumstances, such as when the proposed additive will be consumed by humans at relatively high levels (see

Chapter VII B).  When petitioners conduct human clinical studies on substances intended for use as direct food

additives and color additives used in food, however, the Agency recomm ends that the studies conform to the

guidelines presented in this sec tion.  As usual, the Agency strongly recom mends that petitioners planning to

conduct hum an studies in support of the safety of direct food additives and color additives used in food consult

with the Agency before the studies begin.

 VI A. Clinical Evaluation of Foods and Food Additives

A major objective in the clinical testing of food and food additives is to assess aspects of safety that

cannot be addressed adequately by non-human studies or by existing data on population exposure.  For example,

the Agency is now confronted with petitions for direct food additives that are intended to substitute for major

nutrients such as fat and sugar.  Because  segments of our population may be exposed  to large quantities of these

additives for long periods of time, traditional methods of evaluating the safety of these substances may not be

adequate.  Testing these substances in animals at doses that greatly exaggerate their anticipated human exposures

may not be possible.  For these substances, human clinical studies may provided additional confidence in the

safety of the food or food additive.

A food or food additive generally w ill be considered su itable for clinical testing if the substance is

unlikely to produce significant toxic effects at the levels to which the subjects of the clinical study will be

exposed.  This usually is de termined from  the results of tox icity studies in  animals or by examining existing data

on population exposure.  However, in cases where the  type of toxic response assoc iated w ith the consumption of a

food or food additive by experimental animals is judged to be severe, exposure of subjects in clinical studies to the

additive may need to be significantly below the level found to produce no toxic effects in an appropriate species.

Unlike patients participating in clinical trials of new drugs, no health benefit is anticipated for most test

subjects in clinical stud ies of foods and food additives .  Thus, the nature and we ight of evidence  required to

establish the safety of these products for hum ans before clinica l studies can begin  may differ from that required  to

support testing under guidelines for investiga tional new  drugs.  Clinical studies of foods and food additives w ill

focus on demonstrating safety; for example, the safety of an additive that may interfere with absorption of

nutrients, whose sta tus in the population is uncerta in, m ay need to be evaluated in a clin ical study. 
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 1. General Considerations for Clinical Studies of Foods and Food Additives

Principles for the conduct of clin ical trials are contained in the M ay 8, 1979 Federal Register: "Statement

concerning adequate and well-controlled clinical investigations." 1  The following guidelines identify general

considerations for clinical studies of foods and food additives.  Each consideration should be explicitly addressed

in the cl inical study 's protocol.  

4  Before undertaking costly and tim e-consuming clinica l studies as part of the safe ty assessm ent of a

food or food additive, the investigator needs to formulate a defensible rationale for conducting human

clin ical studies and a c lear set  of ob jectives. 

4  Adequate preclinical investigations (including toxicity  tests in anim als) must have been com pleted. 

Results of these  tests must establish  that there is no  expec ted toxicity  to man at doses to be  used in

clinical stud ies.  A clear, concise  description  of the design of pre-clinical studies and their results should

be presented to FDA.  Information about the history of use of the food or food additive outside the United

States and documentation of the results of foreign clinical studies involving the food or food additive

should also  be presented for review . 

4  In designing protocols for clinical studies, the following should be considered: 1) the results of pre-

clinical studies (including toxicity tests in animals) and foreign clinical studies; 2) the chemical nature of

the proposed additive; and 3) all organs and organ systems that may be affected in man by consumption

of the food or food additive under investigation.

4  The sequence of clin ical tests should be  des igned to m aximize the safe ty of the  research subjects. 

4  Guidelines for clinical trials of investigational new drugs should be followed in evaluating the

qualifications of the principal investigator and investigating institution.  In particular, careful

consideration must be given to the qualifications of the investigator and the suitability of the investigating

inst itution's  facilities for conducting short- and long-term  clin ical trials.  

FDA recognizes the need for the investigator to exercise sound clinical judgement based on his/her

experience in an appropriate field of study.  Studies involving healthy volunteers should be performed by

investigators skilled in the evaluation of the safety of a variety of compounds.  When subjects of a clinical study

have a specific disease, as may be the case for clinical evaluation of foods for special dietary uses or special

medical purposes, the investigators should be c linic ians expert in the disease and d isease  process.    

4  The investigator should have high regard for the rights and safety of the test subject(s).  The

investiga tor is responsib le for the administration of the food additive ; thus, he/she  must bear the  ultimate

responsibility for the welfare of the  test subjec ts.  All aspects of a clinical study generally  are desc ribed in

the study's protocol; however, because actions that have been identified as being in the best interests of

the subjects at the beginning of a clinical study may change  during the study, all aspects of the study must

remain flexible and subject to modification.  Aspects of the clinical study protocol subject to such

modification include: 1) The nature and frequency of laboratory tests, 2) the duration of consumption of

the food or food additive, and 3) the interval between test subjects ' visits  to the investigator.   

Institutional review of research involving hum an subjects and  the requirement for informed consent will

provide additional safeguards for test subjects.  Principles of institutional review and informed consent were set

forth in the M arch 13 , 1975 Federal Register: "Technical Am endments Concerning Protection of Human Subjects ;"2

these are summarized in Appendix A (see sec tion VI A 5 be low).

4  There is some finite risk associated with the administration of every unapproved food and food

additive to subjects of a clinical study; despite strict adherence to guidelines, the safety of subjects in the

study cannot be guaranteed.  Before beginning a clinical study, the investigator should consider what

procedures will be used to detect adverse reactions to the test substance during the study.  The
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investigator should establish criteria that will be used to decide when to discontinue the clinical study;

these criteria may be changed during the study if the change is required to support the safety of the

subjects. 

To further protect the safety of subjects of a clinical study, the sponsor of the study should provide

appropriate follow-up after the study has ended.  Such follow-up should be conducted or supervised by the

investigator of the  clin ical study.  

4  Before a clinical study begins, the investigator should consider ways in which quality control of the

study will be documented.  Effective documentation of quality control will facilitate Agency review of

the com pleted clin ical study.  

4  FDA  recomm ends that investigators use statistical expertise in the planning, design, execution, and

analys is of pre-clinica l and clinical studies.  Such expertise will help ensure that the p lanned  studies w ill

provide the necessary information while minimizing the number of subjects (sample size estimation) and

will strengthen the validity  of estim ates of safety obtained from the studies.  

2. Specific Considerations for Clinical Studies of Foods and Food Additives

This section describes specific considerations concerning the protocol design, definition of study

population, and statistical analysis of the results of human c linical studies with foods and food additives.  These

considerations should be  explicitly addressed in the clin ical study protocol.

a. Protocol Design

Protocols for clinical studies of foods and food additives should be described clearly and in sufficient

detail to permit effective review and evaluation by CFSA N.  In general, the protocol should  be strictly adhered to

throughout the c linical study; if the protocol is not adhered to, documentation of necessary modifications should

be m ade (see item 7 in section  1 above).  While it is rational and desirab le to design studies to  obtain specific

information about the tes t substance, the generation of data justifying conclusions other than those  originally

anticipated can be  a va luable resu lt of c linical investigation.  

The following are additional recomm endations for the design of clinical study protocols for foods and

food additives:

4  A clear statement of objectives should be provided for each protocol.  Good planning usually produces

research questions that can be answered by direct inference from the study data.  Since studies a re

frequently designed to answer more than one ques tion, it is useful to list the questions to be  answered in

order of their priority.

4  The rationale for conducting a clinical study should be presented.  In addition, pre-clinical and clinical

data relevant to the compound being studied and to the proposed protocol should be reviewed.

  

4  A statement explaining the reasons for deciding on a particular length for the clinical study should be

included in the protocol.  In general, a clinical study should be of sufficient length to permit the

demonstration of the safety (or lack of safety) of a food or food additive.

4  A statement explaining the reasons for selecting particular dietary levels (dosages) of the food or food

additive being tested should be included.

4  Experimental design should include appropriate controls.  When feasible, studies should be performed

blind to avoid selection bias and bias in patient and physician responses.
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4  Investigators should describe proposed methods of randomization and should present analyses that

demonstrate the effectiveness of these methods.

4  Objective observation  methods should be used when possible and  appropriate, observa tional endpoints

should be rigorously defined, and methodology that will be used to quantify endpoints should be

described.  A statement describing quality control and frequency of data collection (endpoint monitoring)

also should be included.

4  Limitations that may be imposed on the clinical study because of protocol design or the failure of

subjects to comply with the written protocol (such as withdrawals from the study, failure to randomize

subjects effective ly, technological lim its of observations, etc.) and the possible effects these limitations

may have on the outcome of the study should be addressed.

b. The Study Population

Clinical studies identify physiological responses to te st substances in  we ll-defined, sm all populations. 

These results are used to make inferences about responses to the test substance in larger, target populations.  Study

protocols should specify how subjects w ill be selected, their assignment to alternative test regim ens, the specific

conditions under which the trial will be conducted, and the nature of the target population to which the  subjects'

responses will be extrapolated.  The follow ing are additional recom mendations for defining and selec ting subjects

for the clinical study:

   

4  Each study protocol must be reviewed and approved by the appropriate Institutional Review Board;

written, informed consent must be obtained for each subject in the study (see Appendix A in section VI A

5 be low ). 

 

4  Protocols should clearly define the selection criteria for subjects, including diagnostic criteria and

reasons for exclusion from the study, and should compare and contrast the study population with the

larger population likely to consume the food or food additive.

4  Criteria for discontinuing the study should be stated clearly.

4  Doses of the test substance should be selected so that a range of subject responses to the substance can

be observed and the highest safe dose of the proposed additive can be determined.  When individual

subjects' responses are expected to be quite variable, testing at multiple doses in a double-blind,

placebo-controlled study is recommended.

4  A serious problem in clinical studies is determining the degree of subject adherence to the assigned

protocol.  Careful attention to subject compliance with the protocol is particularly important in outpatient

studies.  Protocols should state c learly how  subjects' com pliance  will be m onitored and shou ld indicate

when noncompliance will result in discontinuing the subject in the study.  In general, data on subject

compliance and noncompliance enhance the credibility of a study.

If it becomes apparent during the study that subjects are not complying with the study protocol, reasons

for their noncompliance should be determined.  All subjects initially included in a study must be reported on in the

study's results, regardless of the degree of their compliance.  Some noncom pliance may necessitate identifying

subgroups for evaluation, such as subjects who fail to consume foods containing the additive and subjects who

report excessive use of alcohol or medication.

4  The number of subjects to be included in the study should be sufficient to be able to determine the

safety of the test substance.  Statistical estimates of the required number of subjects will depend upon: 1)

The desired limit of detection of subjects' responses to the test substance; 2) the desired assurance against

a false positive  resu lt; and 3) the acceptable risk of a false negative result .  
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4  While it is desirable that placebo groups be included in early clinical studies of proposed foods and

food additives (see  page 17), this is not a requirement.  Goals of early c linical studies may be 1) to

gradua lly increase  the dose  of the test substance  until physiological effects are observed or 2) to

determ ine absorption and  metabolism  in hum ans in an  effort to assess the adequacy of anim al models

used in safety assessments of the test compound.  Therefore, subjects must be under careful observation

during these studies.

The goals of early clinical studies often can be achieved effectively with an open (non-blind) study

protocol.  When clinical studies using blind comparisons of the test substance and a placebo or positive control

substance should begin varies with the nature of the test material.  During all phases of clinical investigation, the

objective in using a placebo is to provide an adequate control for the compound under study.  However, other

methods of adequately controlling clinical studies exist.  For example, the use of an active control compound or

demonstra tion of a  positive dose  response  to  the food or food additive may constitu te  adequate  contro l in  some

studies.  For situations in which the natural course of a disease or condition is predictable and for which objective

measurem ents of therapeutic or prophylactic response to the  test com pound  can be  made, results of carefully

executed, open (non-blind) studies may be compared to historical data.

4  Food additives should be studied in all age groups that may be significantly exposed, including, as

appropriate, children, women of childbearing  potential, olde r populations, and populations  with specific

disease conditions.  The latter category includes populations that may be particularly exposed to,

positively affected by, or at risk from a particular food or food additive.

Pregnancy tests should be administered to women of childbearing potential before the introduction of the

test substance and the subject should be advised about suitable contraceptive measures.  In general, wom en of

childbearing potential should be excluded  from the earliest c linical studies of a test substance .  Once  an adequate

baseline of clinical information about the safety of a food or food additive has been obtained, however, wom en of

childbearing potential may be included in clinical studies.  For example, women of childbearing potential may

participate in clinical studies when the teratogenic potential of the test substance has been determined to be

negative in animals.

Follow-up to detect possible effects of the test substance on the fetus should be provided to women w ho

become pregnant while on the study.  Under these  circum stances, transplacental passage of the substance and its

secretion in milk should be assumed until proven otherwise.

4  If the proposed food or food additive has a significant potential for use in children, its safety should be

evalua ted in children.  Usually, studies in children are  not attem pted until there has been considerable

clinical experience with the additive in adults.  For certain proposed food additives, how ever, early

clinical study in children may be warranted; in such cases, it is preferable to begin with older children,

followed by younger children, infants, and prem ature infan ts.  Detailed  com ments on pediatric studies are

contained in "General Considerations for the Clinical Evaluation of Drugs in Infants and Children."3 

Additional examples of guidelines concerning the clinical testing of foods or food additives in children

are provided by the American Academy of Pediatrics.4,5

4  Generally, physical exam inations and laboratory tests should be performed to screen individuals w ith

medically significant abnormalities from the clinical study.  Laboratory tests should include the

following: 1) Electrocardiograph; 2) urinalysis; 3) various tests on b lood sam ples (for example, complete

blood counts including platelet estimates, blood urea nitrogen, serum creatinine, tests of liver function,

fasting blood sugar or 2-hour postprandial blood sugar, electrolytes, protein, and albumin); and 4) other

tests that may be indicated by the nature of the test compound or from the results of previous animal and

hum an clinical studies (for example, tests of vitam in status, prothrom bin time, and blood lipid profiles).

4  In early clinical studies, when feasible, all subjects should refrain from taking medication (including

over-the-counter drugs) for at least two (and preferably four) weeks before the study begins, unless

interactions of the test substance with medication are the focus of the study.  In some cases, a longer

"washout" period will be  required for return to  a normal physiologic state be fore  the clin ical study begins. 
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In later clinical studies, it may be desirable to examine the safety of combinations of the test substance

and m edication(s).

4  Post-study physical examinations for subjects of clinical studies often are necessary to ensure the

subjects' safety.  The results of these examinations should be fully documented.

c. Statistical Analyses

The following are general recommenda tions for statistical analyses in clinical studies of foods and food

additives.  Additional recommenda tions are contained in Chapter IV B 4.

4  Investigators are encouraged to seek expert biostatistical assistance prior to formulating the study

design.

4  A priori  description  of the statistical m ethods to be used in analyzing data from  a clinical study should

be provided in the  study's protocol.

4  Estim ates of statistica l power should  be used to help determine the optimal num ber of subjects for a

clin ical study. 

3. Sequence of Clinical Studies for Foods and Food Additives

The rationale behind serially conducted studies is that results of each study may influence the plan of

succeeding studies.  Investigators are encouraged to discuss data from animal studies and early clinical studies

with CFSA N before conducting additional clinical studies.

a. Early Clinical Studies

The purpose of these studies is to determine the metabolism and the level of the food or food additive that

gives an adverse or toxic response in man.  Physiologic processes that are of primary interest in early clinical

studies inc lude: 1) D isposition (absorption, biotransformation, and excretion) of the food or food additive and  its

metabolites; 2) the potential of the food or food additive to induce enzyme levels or increase activity; 3)

interactions between the food or food additive and nutrients that may necessitate balance studies; and 4)

interactions between the food or food additive and medications that may necessitate drug bioavailability or drug

metabolism studies.  Information about the potential use of the test substance and all preclinical information about

the test substance should factor into decisions about the appropriate sequence of early clinical studies.

For both ethical and scientific reasons, the initial introduction of a food or food additive into humans

should be done w ith carefully selected subjects.  Subjects for early clinical studies should be "normal" volunteers.

"Normal" generally means volunteers who are free from health problems that would complicate the interpretation

of the study or increase the sensitivity of the subject to the toxic potential of the food or food additive.  Children,

pregnant women, and wom en of childbearing potential usually should be excluded from early clinical studies.

Within the limitations described in the preceding paragraph, subjects of early clinical studies should be

selected to accurately reflect the general population.  Thus, individuals with mild but stable illnesses such as

uncomplicated hypertension or arthritis may be considered for inclusion in initial clinical studies on a food or food

additive.  It also may be permissible--and even desirable--to include subjects with abnormalities for which

consumption of the food or food additive m ay be particularly beneficial.  For exam ple, subjec ts with

hyperlipoproteinemia may be included in an early clinical study on a food or food additive that functions as a

non-caloric fat substitute.  Additional examples include:  (a) A food or food additive that will be used in the

dietary m anagement of organ failure should be tested in a population  with failure of the organ under study; (b) a

food or food  additive designed to be de ficient in a pa rticular nutrient should be  tested in a population  that is unable
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to metabolize the nutrient in ques tion (in fact, such  a food or food additive  may be harmful to a population with

normal metabolism ).

Most early c linical studies are sub-chronic (rela tively short-term) and are generally less  than 4 w eeks in

duration.  These studies vary from single exposure to multiple exposures and examine a range of levels (doses) of

the food or food additive.  When several doses are being tested in a study, no research subject should be given the

next-higher dose until sufficient exposure has occurred with the imm ediately preceding dose to be certain that

serious adverse effects have not occurred.

For each food and food additive subjected to clinical investigation, it is also important to consider the

appropriate frequency of laboratory tests and, when indicated by  the results of previous studies, tests for specific

organ or organ system effects.  Independent of the outcome of clinical studies, thorough physical examinations and

blood screening should be  part of the follow-up for all subjects.

When unantic ipated side effects occur in  clin ical studies, the investigator should  determine the time

required for elimination of the compound from the subject's system and reversal of the effects.

b. Further Clinical Studies

Additional clinical studies may be designed to determine the safety of the proposed food additive during

chronic  intake (rela tively long-term) and to gather more inform ation about the food additive 's adverse effects in

humans.  These studies should be performed after the general safety of the food or food additive in humans has

been established in early, short-term clinical studies.  The duration of exposure to the food  or food additive in

these studies will vary with the nature of the additive.  Chronic administration in humans usually means

continuous consum ption for at least 8 to 12 weeks, unless contraindicated by adverse side-effects.

Relatively long-term clinical studies of food and food additives may emphasize the physiologic processes

of enzyme induction or interaction of the additive with other substances (such as nutrients, medications, and other

food additives).  In addition, when designing studies to determine the safety of chronically consumed food

additives, investigators should consider conducting nutrient balance studies; these studies help determine

end-organ (or end-organ system) responses to the additive, including neurobehavioral changes.

Finally, clinical studies may be performed to obtain information about adverse effects of the food or food

additive on specific subpopulations.  For these studies, appropriate subpopulations may include children, pregnant

women, wom en of childbearing  potential, and older subjects.  These studies may also include subjects w ith

concomitant diseases who are undergoing therapy for the disease, particularly if such subjects represent segments

of the population who a re likely to consum e the food or food additive after it  has  been approved.  

Relatively long-term clinical studies should include  a limited num ber of close ly monitored subjects

(rarely exceeding several hundred).  In the clinical studies described above, the frequency of physical

exam inations and laboratory tests for subjects will depend upon  the nature and  rela tive  safe ty of the  food additive.  

For som e subjec ts, daily supervision m ay be necessary.  Early periods during a study  will typically involve more

frequent supervision  of subjec ts than later periods.  An exam ple of a graded supervision plan would be  one in

which a test subject is seen by the  investiga tor at least once a w eek for 2 to  4 weeks, once every other week for 6

to 8 weeks, at monthly intervals for 2 to 3 months, and bimonthly until the end of the follow-up period.  Routine

laboratory tests should be performed at frequent intervals; frequency and type of special laboratory tests should be

determined by the nature of the food or food additive and its intended use.

                                    

In both ea rly and chronic clinical studies of food additives, it is particularly im portant tha t a single

formulation of the test substances be used throughout the study; in addition, investigators should test the

compounds that will be marketed.  Consideration should be given to relative exposures for particular food uses

when such uses may alter the structure or effects of the test substance.  A significant change in the formulation or

manufacture of the food  or food additive during  chronic  clinical studies may indicate the need for bioavailab ility

studies on the (presumably changed) food or food additive.  Results of these studies will enable meaningful

comparisons to be made among clinical studies performed with different formulations of the test substance.  When
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the petitioner intends to market a family of formulations and only a limited number of the formulations will be

tested in c linical studies, petitioners should be prepared  to dem onstrate tha t the test com pounds are fully

representative of the family of formulations intended for marketing, particularly with respect to questions of

safety.

4. Submitting Reports of Clinical Studies on Foods and Food Additives to CFSAN

In submitting reports of clinical studies to CFSAN , particular emphasis should be placed on clear and

concise: 1) statement of study  objectives, 2) description of protocols, and 3) presentation of significant findings. 

Presen tation of the results of a series o f clinical studies on an  proposed food additive should be  scientifically

logical and should specify the order in w hich the studies were conduc ted.  

Early, relatively short-term clinical studies include tolerance studies.  In reporting the results of tolerance

studies, information on dose schedules and range of doses should be included.  For relatively short-term clinical

studies, the following questions should be answered in determining the safety of the proposed additive:

4  What are the absorption, metabolism, tissue deposition, and major routes of excretion of the food or

food additive?

4  What is the half-life of the food or food additive in the human body?  (Analysis of turnover and of

other pharmacokinetic parameters of the test substance or its metabolites in various physiological

compartments may aid in the interpretation of the results of toxicity studies.) (see Chapter V B);

4  How may interactions between the food or food additive and nutrients or medications compromise the

availability of any of these substances?

4  How  does the food or food additive affect the function of human organs and organ system s?

4  What are the possible adverse reactions to the food or food additive in the general population of

individuals who are likely to use the substance  and in special (more sensitive) populations?

Reports on relatively long-term clinical studies should emphasize specific organ or organ system

responses to the food or food additive and nutrient imbalances that occur with chronic use of the food or food

additive.  

  

Finally, the safety of a food or food additive may continue to be monitored after the substance has been

approved.  This can be accomplished by further clinical testing or by establishing a surveillance system and

documenting adverse reactions to the food additive.  The need for such a system is expected to vary with the

nature and use of the approved food additive.  Clinical testing and surveillance also may be useful in establishing

the safety of expanded uses of the food or food additive or the safety of an altered food or food additive; these

changes may occur as the result of changes in patterns of food consumption or food processing.

5. Appendix A

The following principles are general guidelines for institutional review of, and conformed consent of

subjects for, clinical studies .  Additional information can be found in the references for this chapter.

a. Principles of Institutional Review

4  An Institutional Review Board must be composed of no fewer than 5 persons from various

backgrounds to assure complete and adequate review of clinical research activities commonly conducted

by the institution.  In addition to possessing the scientific competence necessary to review such

institutional activities, the Board must be able to evaluate research applications and proposals in terms of
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institutional commitments and regulations, applicable law, standards of professional conduct and practice,

and com munity attitudes.

4  No member of a Board shall be involved in the initial or continuing review of an activity in which he

has a conflicting interest, except to provide information requested by the Board.

4  No B oard shall consist entirely of persons who are officers, employees, or agents of, or are otherwise

associated with the institution, apart from their membership on the Board.

b. Principles of Informed Consent

All subjects in a clinical evaluation are entitled to:

4  a fair explanation of the procedures to be followed and the purposes of the procedures, including

identification  of any procedures that are experim ental;

4  a description of attendant discomforts and risks that may be reasonably expected;

4  a description of benefits they may reasonably be expected;

4  disclosure  of appropriate alternative procedures tha t may be advantageous to the subjec t;

4  an offer to answer any inquiries concerning the procedure; and

4  instruction that the subject is free to withdraw his consent and discontinue participation in the project

at any tim e, without prejudice to the subject.
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This guidance represents the Food and Drug Administration's (FDA's) current thinking on this topic. It 
does not create or confer any rights for or on any person and does not operate to bind FDA or the 
public. You can use an alternative approach if the approach satisfies the requirements of the applicable 
statutes and regulations. If you want to discuss an alternative approach, contact the FDA staff 
responsible for implementing this guidance. If you cannot identify the appropriate FDA staff, call the 
appropriate number listed on the title page of this guidance. 

1. Descriptive Epidemiology Studies 

a. Correlational Studies  

b. Case Reports  

2. Analytic Epidemiology Studies 

a. Cross-Sectional Studies  

b. Prospective Studies  

c. Retrospective Studies  

d. Meta-Analyses  

3. Epidemiology Studies References  

  

Epidemiology is the study of the distribution and determinants of health-related states and events in specified 
populations, and the application of this study to the control of health problems.(5) The goal of all epidemiology 
studies is to uncover relationships between exposure to a specific agent and changes in health status. 

  

Epidemiologic data are important to CFSAN in assessing safety and have been used by the Agency as 
indicators where avenues of research and further human studies would be most productive. Guidelines for the 
proper conduct and documentation of epidemiology studies, such as selection of the study population, 
selection of appropriate controls, exposure assessment, methods used to adjust or control for confounding 
variables, and statistical analyses will not be discussed here. Appropriate guidelines have been published 
elsewhere,(1) and should be consulted by the petitioner before submitting epidemiology data for consideration 
by the Agency. 

There are two main categories of epidemiology studies, descriptive and analytic. Descriptive studies are 
concerned with the existing distribution of variables; they do not test hypotheses or make inferences 
concerning causality. Analytic studies are designed to examine associations, particularly hypothesized causal 
relationships, and focus on identifying or measuring the effects of specific risk factors. 
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Descriptive epidemiology studies are relatively inexpensive to conduct and are usually of short duration. 
However, such studies are limited in their usefulness since no inferences can be made concerning causality. 
Generally, descriptive epidemiology studies are sentinel devices used to generate hypotheses or to provide 
evidence that indicates whether there is sufficient cause for conducting a lengthier and costlier analytic study. 

  

Correlational studies, also called ecological studies, use grouped population data to relate exposure patterns of 
whole populations to disease incidence or mortality rates for whole populations. Because these studies do not 
examine the relationship between exposure and disease among individuals, the studies have been traditionally 
regarded as useful for generating, rather than definitively testing, a scientific hypothesis. Thus, the results of 
correlational studies would be insufficient to demonstrate a relationship without other types of data to support 
them. 

  

Case reports are a type of descriptive epidemiology study frequently evaluated by CFSAN. Strongly suggestive 
anecdotal or clinical observations may indicate a possible causal relationship. Analytic epidemiology studies 
can then be designed to verify and quantify the risks, and to determine the role of confounding factors. 

There are two principal avenues through which case reports come to the attention of CFSAN: first, reports 
published in the peer-reviewed medical literature, and second, reports captured in one or more of CFSAN's 
ongoing voluntary (also called "passive") adverse event monitoring systems, which include: 

The Adverse Reaction Monitoring System (ARMS) - collects spontaneous reports from consumers and health 
professionals regarding alleged adverse effects from food products. 

The Cosmetic Adverse Reaction Monitoring System (CARMS)- collects spontaneous reports from consumers 
and health professionals regarding alleged adverse effects from cosmetic products. 

  

In addition, CFSAN receives adverse event reports linked to the products it regulates through FDA's 
MedWatch 2 program.(4) 

  

Although analytic epidemiology studies are more informative than descriptive studies, they are expensive and 
time-consuming to conduct. The types of analytic epidemiology studies commonly considered by CFSAN in 
safety evaluations include cross-sectional, prospective, and retrospective studies. Results from such studies, 
when available, are used in the overall safety evaluation of regulated products. In addition, analytic 
epidemiology studies constitute the scientific base for the Agency's regulation of health claims on food and 
food labeling authorized by the Nutrition Labeling and Education Act of 1990. 

  

Cross-sectional studies are those in which individuals are observed at only one point in time; such studies are 
commonly known as surveys. The presence or absence of disease and the presence or absence of suspected 
etiologic factors are determined in each member of the study population or in a representative sample at one 
particular time. The advantages of cross-sectional studies are that they are relatively inexpensive to conduct, 
and can be completed relatively quickly. However, cross-sectional studies reveal nothing about the temporal 
sequence of exposure and disease, and necessarily use current exposure as a surrogate for past exposure. 
Also, cross-sectional studies can only measure disease prevalence rather than incidence. 

  

1. Descriptive Epidemiology Studies

a. Correlational Studies

b. Case Reports

2. Analytic Epidemiology Studies

a. Cross-Sectional Studies

b. Prospective Studies
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In prospective studies, also called cohort or follow-up studies, the investigator selects a study population of 
exposed and non-exposed individuals and follows both groups to determine the incidence of disease. The 
group can be characterized by factors thought to influence the development or course of the disease and by 
the presence or absence of risk factors (e.g., exposure or nonexposure to some agent). Prospective studies 
generally imply study of a large population, study for a prolonged period of years, or both. This type of study 
design is effective when there is good evidence of an association of the disease with a certain exposure (from 
clinical observations or from descriptive epidemiology studies), when exposure is rare, but incidence of 
disease among the exposed is high, and when the time between the exposure and disease is short. The major 
advantage of prospective studies is that the incidence rates of the disease under study can be measured 
directly; therefore, absolute and relative risks also can be measured directly. In addition, it is possible to 
analyze the association of a particular exposure with several diseases, and a temporal relationship between 
exposure and disease can be established. 

There are a number of disadvantages to prospective studies, including: 1) The difficulty and expense of 
conducting the studies, since both large study populations and long periods of observation are required for 
definite results; 2) bias may be introduced if every member of the cohort is not followed; 3) the length of the 
study may be less than the latency period of the disease; for example, if the study is stopped before old age, 
many important diseases such as cancer may be missed; and, most importantly, 4) prospective studies are 
very inefficient for studying rare diseases. 

Results of prospective studies have been used at CFSAN in assessing the potential carcinogenic risk of some 
compounds; for example, occupational cohort studies and studies of human populations accidentally exposed 
to a carcinogen have been used in safety assessments of benzene, dioxin, and methylene chloride. FDA has 
also provided financial support for prospective studies on accidental exposure to PBB's in a Michigan cohort, 
and exposure to methylmercury in fish in a cohort of pregnant women (and their offspring) in the Seychelles 
Islands. 

  

In retrospective studies, also known as case-control studies, the investigator selects cases with a specific 
disease, and appropriate controls without the disease, and obtains data regarding past exposure to possible 
etiologic factors in both groups. The rates of exposure of the two groups are then compared. A case-control 
approach is preferred when studying rare diseases, such as most cancers, because a very large number of 
individuals would be needed in order to draw conclusions in a prospective study. Although it is possible to 
detect the association of multiple exposures or factors with a particular disease, retrospective studies are 
generally used to study diseases that have some unique and specific cause, such as infectious agents, in order 
to avoid the problem of confounding etiologic factors. 

Case-control studies can not determine directly absolute risk or relative risk because the incidence of disease 
is not known in either the exposed or unexposed population as a whole. However, the relative risk can be 
estimated in retrospective studies by the odds ratio, which is the ratio of the odds of exposure among cases 
divided by the odds of exposure among controls. The odds ratio is a good approximation of the relative risk 
when the subject cases are representative of all cases with regard to exposure, the controls are representative 
of all controls with regard to exposure, and the disease being studied is rare. 

Retrospective studies are much less expensive and less time consuming to conduct than are prospective 
studies; usually, a relatively small population is needed for the study. Also, since the study selects only cases 
of the disease of interest, there is no bias incurred in determining the endpoint. However, bias is frequently 
incurred during detection and selection of cases, and during assessment of exposure. Controls should be 
identical to the exposed cases except for the factor under investigation, a requirement which is often difficult 
to achieve in practice. As with prospective studies, problems are frequently encountered in attempting to 
control for competing risk factors and confounders. The investigators can adjust for known confounders either 
by matching when selecting controls, statistically by stratification, or by use of regression models. 

Results of case-control studies have been frequently used in safety evaluations at FDA, primarily to add 
further information to the overall assessment of safety. In the past, FDA has supported case-control studies 
on compounds of interest, such as the National Bladder Cancer Study and the use of artificial sweeteners. In 
addition, FDA often looks carefully at the results of case-control studies in the setting of outbreaks of food-
borne disease to identify the food vehicle that was most likely responsible for transmitting the infectious 
agent. The results then can be used to help target specific food vehicles for microbiologic testing as a means 
of recovering the pathogen from the implicated food. 

c. Retrospective Studies
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Meta-analysis has been defined as "the statistical analysis of a large collection of analysis results from 
individual studies for the purpose of integrating the findings".(3) The results of a well-done meta-analysis may 
be accepted as a way to present the results of disparate studies on a common scale; however, caution should 
be exercised before attempting to reduce the results to a single value as this may lead to flawed conclusions.
(2) 

  

Several publications in the peer-reviewed literature serve as guidelines for the appropriate conduct of meta-
analysis,(6),(7) the principal components of which include: 

Identifying criteria for the inclusion and exclusion of studies and avoiding biases in this process;  

Deciding whether the characteristics of study subjects, their interventions, and outcomes in each study 
are comparable;  

Using well-defined methods for extracting data from the studies;  

Expressing the results of multiple studies in a consistent fashion;  

Using appropriate statistical methods to assess the data.  

Where FDA evaluates a meta-analysis, the Agency considers such an analysis primarily as supporting 
evidence, rather than as primary evidence, that can confirm the validity of data concerning a hypothesis. The 
Agency must carefully scrutinize each meta-analysis to assess the soundness of its design and the quality of 
the data from individual studies to determine the significance of the data. Such scrutiny requires review of the 
original studies used for the meta-analysis. 
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This guidance represents the Food and Drug Administration's (FDA's) current thinking on this topic. It 
does not create or confer any rights for or on any person and does not operate to bind FDA or the 
public. You can use an alternative approach if the approach satisfies the requirements of the applicable 
statutes and regulations. If you want to discuss an alternative approach, contact the FDA staff 
responsible for implementing this guidance. If you cannot identify the appropriate FDA staff, call the 
appropriate number listed on the title page of this guidance. 
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Redbook 2000 
Chapter VII. Glossary: Acronyms and Definitions

Acronym Definition
  
Act "The Act", i.e., Federal Food, Drug, and Cosmetic Act
ABS chromosome aberration(s)
ADI acceptable daily intake
A/G albumin-to-globulin
ANOVA analysis of variance
  
B-cells B lymphocytes
B/T ratio of B to T lymphocytes
  
CAC Cancer Assessment Committee
CAS Chemical Abstract Service
CCFAC Codex Committee for Food Additives and Contaminants
CFR Code of Federal Regulations
CFSAN Center for Food Safety and Applied Nutrition
CHO Chinese hamster ovary [cell(s)]
CMI cell mediated immunity
CSO consumer safety officer
  
DNA deoxyribonucleic acid
DTH delayed type hypersensitivity
  
EAFUS Everything Added to Food in the United States (database)
ECVAM European Centre for the Validation of Alternative Methods
EDI estimated daily intake
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ELISA enzyme-linked immunosorbent assay
EPA Environmental Protection Agency (United States)
  
FAP food additive petition
FASEB Federation of American Societies for Experimental Biology
FASP food additive safety profile
FCS food contact substance
FCN Food Contact (Substance) Notification
FDA Food and Drug Administration
  
GLP good laboratory practices
GMPs good manufacturing practices
GRAS generally recognized as safe
  
HGPRT hypoxanthineguanine phosphoribosyl transferase activity
HTD highest treatment dose
  
IARC International Agency for Research on Cancer

ICH
International Conference on Harmonisation of Technical Requirements for Registration of 
Pharmaceuticals for Human Use

Ig immunoglobulin
  
JECFA Joint (FAO/WHO) Expert Committee on Food Additives
  
LOEL lowest observed effect level
LPS lipopolysaccharide
LSD least significant difference (refers to statistical test)
  
MFO mixed function oxidase
ML L5178Y mouse lymphoma cell
MLA mouse lymphoma assay
MLR mixed lymphocyte response
MTD maximum tolerated dose
  
OECD Organization for Economic Cooperation and Development
OFAS Office of Food Additive Safety (CFSAN)
  
PAFA Priority-Based Assessment of Food Additives (database)
PALS periarteriolar lymphocyte sheath
PB-PK physiologically based pharmacokinetic model
PHA phytohemagglutinin
PWM pokeweed mitogen
  
QAU Quality Assurance Unit
QRAC Quantitative Risk Assessment Committee
QRAs quantitative risk assessments
  
RBC red blood cells
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2000 updates in 2001, 2003, 2004)
RIA radio immunoassay
RNA ribonucleic acid
  
SAR structure activity relationship
SCE sister chromatid exchange
SHE Syrian hamster embryo cell
SOP standard operating procedure
SRBC sheep red blood cells
  
T-cells T-lymphocytes, or thymus derived cells
TK thymidine kinase
  
UDS unscheduled DNA synthesis
  
WBC white blood cells
WBA whole body autoradiography
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This draft guidance represents the Food and Drug Administration's (FDA's) current thinking on this 
topic. It does not create or confer any rights for or on any person and does not operate to bind FDA or 
the public. You can use an alternative approach if such an approach satisfies the requirements of the 
applicable statutes and regulations. If you want to discuss an alternative approach contact the FDA 
staff responsible for implementing this guidance (Office of Food Additive Safety, 301-436-1200). 

Draft Redbook II was distributed in 1993 by the Office of Premarket Approval. Effective June 18, 2001 
the Office of Premarket Approval is now the Office of Food Additive Safety. Based on comments, 
experience, and other information, FDA staff has revised and issued several sections of the draft as 
final guidance in Redbook 2000 1. Those sections of the 1993 Draft Redbook II not yet available in 
Redbook 2000 are being placed here for your reference. 

Section has been updated and finalized and can be found in Redbook 2000 2 

(available in PDF 3, 257KB) 

A. Introduction  

B. Expediting Review of Toxicology Information  

C. Evaluating Toxicology Information 

1. Introduction  

2. No-Observed-Effect Level (NOEL)  

3. Safety Factors  

4. Acceptable Daily Intake (ADI)  

5. Carcinogenic Risk Assessment  

Section has been updated and finalized and can be found in Redbook 2000 4 

1993 Draft Redbook II

Toxicological Principles for the Safety Assessment of 
Direct Food Additives and Color Additives Used in Food 
Redbook II 
Draft Guidance

Table of Contents

Chapter I. Introduction

Chapter II. Agency Review of Toxicology Information in Petitions for Direct Food Additives and 
Color Additives Used in Food

Chapter III. Recommended Toxicity Studies
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A. Introduction 
Section has been updated and finalized and can be found in Redbook 2000 5  

B. General Recommendations for Toxicity Studies 

1. General Guidelines for Toxicity Studies 
Section has been updated and finalized and can be found in Redbook 2000 6 7  

2. Summary Guidelines for Reporting the Results of Toxicity Studies 
Section has been updated and finalized and can be found in Redbook 2000 8  

3. Pathology Considerations in Toxicity Studies 
Section has been updated and finalized and can be found in Redbook 2000 9  

4. Statistical Considerations in Toxicity Studies 
Section has been updated and finalized and can be found in Redbook 2000 10  

5. Diets for Toxicity Studies (available in PDF 11) 
 

C. Guidelines for Recommended Toxicity Studies 

1. Short-Term Tests for Genetic Toxicity 
Section has been updated and finalized and can be found in Redbook 2000 12  

2. Acute Oral Toxicity Tests (available in PDF 13) 
 

3. Short-Term Toxicity Tests with Rodents and Non-Rodents 
Section has been updated and finalized and can be found in Redbook 2000 14  

4. Subchronic Toxicity Tests with Rodents and Non-rodents 
Section has been updated and finalized and can be found in Redbook 2000 15  

5. Chronic Toxicity Studies 

a. Chronic Toxicity Studies with Rodents 
Section has been updated and finalized and can be found in Redbook 2000 16  

b. One-Year Toxicity Tests with Non-Rodents 
Section has been updated and finalized and can be found in Redbook 2000 17  

6. Carcinogenicity Studies with Rodents 
Section has been updated and finalized and can be found in Redbook 2000 18  

7. Combined Chronic Toxicity/Carcinogenicity Studies with Rodents 
Section has been updated and finalized and can be found in Redbook 2000 19  

8. In Utero Exposure Phase for Addition to Carcinogenicity Studies with Reporting 
Section has been updated and finalized and can be found in Redbook 2000 20  

9. Reproduction and Developmental Toxicity Studies 
Section has been updated and finalized and can be found in Redbook 2000 21  

A. Introduction (available in PDF 22)  

B. Metabolism and Pharmacokinetic Studies (available in PDF 23) 
 

C. Neurotoxicity Studies 
Section has been updated and finalized and moved to Redbook 2000 24 Chapter IVC10  

D. Immunotoxicity Studies (available in PDF 25) 
 

Chapter IV. Guidelines for Toxicity Tests

Chapter V. Additional Recommended Studies
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2. http://www.fda.gov/Food/GuidanceComplianceRegulatoryInformation/GuidanceDocuments/FoodIngredie

A. Clinical Evaluation of Foods and Food Additives (available in PDF 26)  

B. Epidemiology Studies 
Section has been updated and finalized and can be found in Redbook 2000 27  

A. Introduction (available in PDF 28)  

B. Macro-Additives (available in PDF 29) 
 

C. Safety of Foods and Food Additives Developed by Biotechnology (available in PDF 30, 428Kb) 
 

D. Enzymes (available in PDF 31) 
 

E. Microbially Derived Food Ingredients (available in PDF 32) 
 

F. Advances in the Development of Alternatives to Whole Animal (Vertebrate) Testing (available in PDF 33) 
 

G. Heritable and Somatic Genetic Toxicity (available in PDF 34) 
 

Section has been updated and finalized and can be found in Redbook 2000 35 
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Chapter VII

Emerging Issues in Safety Assessment
of Food Additives and Color Additives

Used in Food

A. Introduction

This section discusses approaches to testing that may be useful in assessing the safety of macro-additives

(see Chapter VI B), bioengineered additives (see Chapter VII C), additives that are enzymes (see Chapter VII

D), and microbially-derived additives (see Chapter VI E).  This section also discusses the  use of alternatives to

whole (vertebrate) animal testing in safety evaluation (see Chapter VII F) and FDA's recognition of the potential

for direct food additives and color additives used in food to cause both heritable and somatic genetic toxicity (see

Chapter VII G). 

Because the Agency's approaches to determining the safety of these additives will continue to evolve for

some time, it is not yet appropriate to provide separate guidelines for acquiring toxicology information on the

types of additives in this document.  In general, the Agency recommends that petitioners follow guidelines for

toxicity tests presented in other sections of this publication.  In addition, this section suggests some important

issues to consider when planning a program of toxicity testing designed to demonstrate the safety of unique

additives.  As always, we strongly recommend that petitioners discuss planned testing programs and protocols for

toxicity tests with Center scientists before tests begin.

B. Macro-Additives

Macro-additives are a class of food additives that are intended to be replacements for conventional

macro-nutrients such as  fats , proteins, and ca rbohydrates and are intended for use  at re latively high levels in food. 

Macro-additives may be nutritive or non-nutritive; they may be reasonably pure, well characterized chemicals or

they may be com plex mixtures whose complete characterization is not feasible; they may be well absorbed from

the gastrointestinal tract or poorly absorbed; they may be manufactured from unusual or novel food sources or

obtained by chem ical synthesis.

The comm on characteristic of macro-additives is that they will be consumed in large quantities compared

to conventional food additives and, as a consequence, they will present testing problems that require "customized"

approaches.  For exam ple, it may not be feasible to calculate safety factors in the conventional way, that is, as a

fraction of the highest oral dose that has no adverse effects in animals.  Other means of providing margins of

safety for macro-additives will have to be used; these may include information derived from m etabolic,

pharmacokinetic, and hum an clinical studies.

1. Nutritional Concerns in Animal Toxicological Tests

Because  of the expected high leve l of human consumption of these additives, anim al test doses that are

orders of m agnitude greater than the E xpected Daily Intake  (EDI) for humans will often not be  feasible.  Attempts

to achieve very high doses in the animal studies might result in nutritional imbalances or caloric deprivation that

could confound interpreta tion of the toxicity studies.  In orde r to test the highest dose  feasible and yet avoid

nutritional problems, it may be necessary for toxicity testing to be preceded by nutritional studies to determine

adequate test diets and appropriate control diets for animals in toxicity studies.
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If appropriate dietary controls include nutrient enhancement, care should be taken to avoid over-enriching

the diet or changing nutrient ratios that would mask toxicological endpoints under consideration.  For example,

mineral oil as a test material would be m ostly unabsorbed  in the intestine  where it would solubilize  fat-soluble

vitamins, leading to deficiencies of these nutrients.  This effect may be eliminated by appropriate fortification of

the diet with vitamins A, D, E, and K.  Quantities of nutrients to be used for fortifying the diet should be

determined experimentally, in relation to the amount of mineral oil (test substance) used.  Under-fortification

could fail to protect against nutrient deficiencies and over-fortification could lead to altered toxicological

responses to xenobiotics and "background" pathology rates.  Sufficiently great over-fortifications could produce

hypervitaminosis.

Control and test diets should be of the sam e caloric density and nutritionally (micronutrients) equal to test

diets.  Selection of appropriate control diets may present particular problems when testing non-caloric food

substitutes or food substitutes that interfere  with absorption of nutrients.  Due to nutrient variations in chow diets

from batch to batch , it is preferable to use a semi-purified diet base in these studies.

Additional information can be found in Chapter IV B 5, Diets for Toxicity Studies and in Chapter IV B

1, General Guidelines for Toxicity Studies.

2. Absorption, Metabolism, Distribution, and Elimination Studies

Studies designed to follow the metabolic path and fate of macro-additives take on particular importance

in providing assurance of safety if the conventionally calculated safety factor cannot be used.  Greater

understanding of the disposition and pharmacokinetics of the additive should help to diminish uncertainties

regarding safety.  Questions of the following types should be answered through appropriate studies:

4  Does the product or its metabolites alter or interfere with absorption, metabolism, or excretion of

normal nutrients or metabolic intermediates?

4  Does the product or its metabolites alter the action of comm only used drugs?

4  Is the product absorbed, metabolized, distributed, stored or excreted differently in man than in test

animals?

4  Does the product or its metabolites accumulate in tissues, and what are the toxicological consequences

if there is accumulation?

4  If the product is poorly absorbed, does the high concentration in the gut affect gut morphology,

physiology, or biochemistry?  Are any changes in the gut morphology or biochemistry associated with the

development of neoplasm s of the gut?

4  Does the product alter the composition or nature of the gut flora?   If it does, what are the toxicological

consequences of the changes?

3. Impurities and By-products

Because of the anticipated high human consumption levels of macro-additives, there is a concomitant

high potential intake of impurities and by-products.  Therefore, every effort should be made to identify and

quantify the chemical constituents of the product.  If any of these raise particular concerns, toxicity testing of the

impurity or by-product itself may be recomm ended.  Lim its for impurities such as heavy metals, natural toxins,

and an ti-nutrition factors m ay need to be specified for the  marketed product.

4. Clinical Studies
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When animals studies have been completed or when there is reasonable assurance of safety of the macro-

additive from animal studies, clinical studies with human subjects may be useful for increasing confidence in the

safety of the product for human consumption.  For example, humans may suffer subtle adverse effects not detected

in animal studies due to differences in physiology or metabolism between animals and humans; human

subpopulations (the old, young, and chronically ill) may each react differently to the food substitute.  In addition,

hum an studies may help  com pensa te for the fact tha t conventional m ethods of calculating the A cceptable Daily

Intake (ADI) may not be applicable to the results of s tandard toxicity studies on m acro-additives. 
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VII D. Enzymes

Comm ercial enzyme products may be obtained from edible plants and animals and from non-toxigenic,

non-pathogenic microorganisms.  Questions about the microbial source of the enzyme (see Chapter VII E) and

the nature and level of enzyme preparation in the food are of concern in evaluating the safety of comm ercial

enzyme products because they influence the type and level of contaminating impurities in the food.

In general, enzyme preparations from organisms with a history of safe use do not require the same level

of toxicological testing as enzymes from sources without a history of safe use in food.  The safety of comm ercial

enzym e products from sources w ithout a history of safe use in food usually is evaluated on a case-by-case basis,

but  som e generalizations about toxicology tests for these food additives can be  made.    

Because of the protein nature of enzymes and their susceptibility to digestion when consumed, residues of

pure enzymes in processed food would be expected to have only limited toxic potential.  If highly purified

preparations of microbial enzymes are used in food processing, exposure to the enzymes is usually reduced to the

parts-per-billion range.  Such a level of exposure would ordinarily be too low to pose a safety concern, and

toxicological testing may not be required.  A n exception to this generalization m ay occur if review  by the C enter's

chemists results in concern for the presence in the enzyme preparation of a toxic material used in the purification

process; however, this is unlikely because of the requirement that food grade chemicals be used in purification.

In m ost cases, however, com mercial enzym e products from  microbial sources are  only partial ly purified. 

A variety of uncharacterized extraneous substances ("impurities") of biological origin may be present in the

enzyme prepara tion at leve ls com parable  to the active ingredient.  These substances have no  technical effect in

food processing, but a re allowed to rem ain in the enzym e products because the  impurities do not interfere with

enzyme function.  In addition, the enzym e preparation m ay con tain multiple enzyme activities that serve a  variety

of useful functions in processing  food.  W hen the  types and levels of impurities in com mercial enzyme products

from microbial sources are considered to be significant, the Agency may recomm end that safety be established by

appropriate toxicity testing.  Such a requirement usually can be met by 90-day toxicity studies in the rat and the

dog.  How ever, if review of the safety of the enzyme preparation raises questions about chem ical contaminants,

stability of the microbial stra in, production of toxic products, etc., additional studies may be needed.

Enzym e products may be added directly to the food to be processed (e.g., rennet) or they may be

imm obilized on an insoluble m atrix for use in processing liquid foods.  Enzymes are immobilized by  secure

bonding (usually by m eans of a chem ical reaction) to an insoluble matrix.  Liquid food products (e.g., corn syrup)

may be processed by passage over a column of the imm obilized enzyme.  Only negligible amounts of the

imm obilized enzyme are expected to enter the processed food.  Depending on the nature of the immobilization

matrix, however, some potential exists for contamination of the processed food by chemicals used in the

imm obilization  process .  If the Agency decides tha t information about the na ture of the fixing  agent and its

potential migration to food raise questions of safety for foods processed by passage over an imm obilized microbial

enzyme, the Agency will recomm end that the imm obilized enzyme be subjected to 90-day toxicity studies in the

rat and the dog or other appropriate study.

As described  in the preceding paragraphs, a variety of factors will be taken  into account by  the Agency in

deciding what information is needed to assess the safety of additives that are enzym es.  Before conducting  toxicity

studies to assess the safety of such additives, petitioners should consult with Agency scientists.  A com prehensive

review of the safety concerns relating to additives that are enzymes w ill be issued in a separate publication.
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VII E. Microbially Derived Food Ingredients

 Microbially derived food ingredients may be food additives (including enzymes), color additives used  in

foods and substitute foods.  A unique concern about the safety of microbially derived food ingredients is the

microbial source; except for this concern, the safety of these ingredients will be evaluated as for analogues, non-

microbially derived ingredients.  A variety of factors will be taken into account by the Agency in deciding what

information is needed to assess the safety of microbially derived food ingredien ts.  Before conduc ting toxicity

stud ies to assess the safety  of such ingredients, pe titioners should consult with A gency scientists .  A

comprehensive review of the safety concerns relating to microbial sources will be issued in another publication.
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VII F. Advances in the Development of Alternatives to Whole
Animal (Vertebrate) Testing

Because animal experimentation has become an em otional issue, it is important to recognize the growing

impact of in vitro toxicology on  the practice of toxicology.  Although  the field  is often term ed "alternative,"

experimental models have been applied to the three  "R's" of R ussel and Burch: 1 to replace animal models, to

reduce the number of animals used, or to refine test methods to m inimize stress and suffering to animals.

This section is not intended as a guideline but serves to identify a future direction in methodology.  In the

context of this document, "alternatives to whole animal (vertebrate) experimentation" refers to in vitro tests for

potential toxicity that substitute for or replace in vivo (whole an imal) studies. "In Vitro" literally means "in glass",

and is interpreted to mean "in a test tube" or "outside of the body".2  Alterna tive tests include short-term tests

using isolated cells, tissues, and organs and studies involving mathematical modeling, epidemiology, or the use of

human volunteers; short-term tests for genetic toxicity (see Chapter IV C 1) are  exc luded.  

In practice , alternative tes ts are used  to support the planning and interpretation  of whole anim al toxicity

studies and are not yet used as substitutes for toxicity studies using whole animals.  For example, an alternative

test may be used 1) to de termine the rela tive biological potency of a  series of toxicants at the  cellular level, 2) to

select the animal model in which to conduct an in vivo test by comparing the metabolic properties of a toxicant at

the cellu lar level in several species, and 3) to identify m echanism(s) of toxicity by defining the  relationship

between exposure to a toxicant and development of various toxicological endpoints at the cellular, subcellular and

molecular levels of organization.

Recent advances that have been made in in vitro studies with isolated cells, tissues, and organs have

directed the scientific community toward developing, validating, and evaluating alternative test systems.  The

predictive value of a standardized test must be assessed by means of a series of validation studies.  Validation can

demonstrate that the use of an in vitro test is equivalent to the use of an established in vivo test or that the in vitro

test accurately predicts human toxicity.  Anticipating a continued increase in the development and use of

alternative in vitro test  system s, 3,4  the Agency encourages the development of approaches that can provide

information relevant to the assessm ent of human risks.

1. Reasons for Developing Alternative Tests

Several reasons to encourage the development of alternative in vitro tests  are l is ted below:

4  Economy and efficiency:  Once es tablished, in vitro tests may provide toxicity  information in a cost-

effective and time-saving manner.  Information genera ted from in vitro test system s can be used to

increase  the efficiency of whole-animal studies and decrease the  num ber of anim als used in toxicity

testing.  The relative sim plicity and  space-saving characte ristics of in vitro methods also are viewed as

advantages.

4  Information about hum an risk:  Human cells, ethically obtained and successfully established in vitro,

may provide information about a toxicant that is relevant to  human risk.  For exam ple, a  toxicant's

mechanism of action or metabolism in human cells can provide the basis for selecting a suitable animal

model for long-term toxicity studies.

2. Possible Applications of Alternative Tests

4  Isolated cells, tissues, and organs can be prepared and maintained in culture by methods that preserve
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properties characteristic of the same cells, tissues, and organs in vivo.  Using such in vitro system s will

permit data to be generated under controlled experimental conditions and in the absence of many

com plicating factors characteristic of experiments with whole anim als.  For example, the use of cell

culture systems will enable the  metabolism  of a toxicant that occurs in one type of ce ll (i.e., hepatocyte

cells) to be studied separately from a toxic endpoint that occurs in a different cell type.

4  Several toxic endpoints may lend themselves to quantification in an in vitro test system.  Relevant

endpoints could be identified by comparing the action of a toxicant at cellular, subcellular or molecular

sites with the toxic effects observed in the target organ or tissue in vivo.  Analysis of a broad spectrum of

in vitro cellular events may provide information about the in vivo progression of a toxic response as a

function of toxicant concentration and time.

4  Because in vitro procedures have the potential to yield  reproduc ible measurements, they theoretically

lend themselves to standardization.  However, interpreting data obtained from a standardized in vitro

toxicity test with a reasonable degree of confidence can only occur after potential confounding factors,

such as interactions between the test agent and non-cellular components of the test system, have been

identified or eliminated. 5 

4  The process of validation appears to be key to the full acceptance of alternative tests where the

reliability and relevance  of procedures are established for specific purposes.6  While there is much

discussion about the framework for this process, severa l components appear essential to the overall

coordination of the validation process, including:  scientific consensus on the definition of a validated

test, reference chem icals with defined toxicity and general ava ilability, a central repository for test

performance data and protocols, an established network of laboratories with the capabilities of method

valida tion, and scientific understanding of the  mechanist ic basis of the toxicological process  involved. 

An impartial and competent group of scientists from regulatory  agenc ies and the research com munity

could facilitate the implementation of the validation process.

3. Limitations of Alternative Tests

Lim itations of in vitro tests are well known.  For example:

4  In Vitro  test system s are not available  for all tissues and organs.  In addition, norm al system ic

mechanism s of absorption, penetration, distribution, and excretion are absent from in vitro test  system s. 

In Vitro  systems lack the complex, interactive effects of the imm une, blood, endocrine systems, nervous

system , and  other integrated elem ents of the whole animal.  Thus , in vitro tests cannot be used to study

the complex nature of systemic toxicity.

4  Validation of new m ethods is time-consum ing and expensive; acceptance of in vitro tests as

alte rnatives to traditional toxicity testing in whole animals is expected to be s low . 7   While many schemes

have been proposed to expedite these processes, no alternative in vitro test presently can replace an in

vivo toxicity study.

4. Current Use of In Vitro Tests

Numerous & diverse in vitro tests have  been developed.  The ir importance and use  have been discussed in

any publications. 8-23  Many of these tests w ill be improved over time by the  introduction  of new scientific

information and technological advances in in vitro toxicology and related fields, such as molecular biology and

biotechnology.  The A gency encourages  the developm ent and  use of in vitro test systems for planning and

interpreting the results from whole animal toxicity studies.
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Significant advances have been m ade in the deve lopment of in vitro alternatives for ocular sa fety

testing.24-27  Other in vitro system s have  been proposed  which measure  a broad range of endpoints and are now in

various stages of validation.  The Agency is currently part of an interagency regulatory groups evaluating these

proposed alternative test methods.

In Vitro  approaches to toxicity testing can provide useful data when integrated with other information

about the toxicity of food and  color add itives used  in food.  Results of in vitro tests can be used to optimize the

design of conventiona l toxicity tests for a particular test substance by he lping to de termine appropriate dose levels

and by  helping to decide which species is the best model for m an.  Such improvem ents in the  design of whole

animal toxicity tests may reduce the number of test animals required to produce useful information about the

safety of proposed food and color additives used in food.

In Vitro  tests can help elucidate the nature of the interaction between test substance and organism at the

cellular, subcellular, and molecular levels.  Thus, once the critical target organ or organ system has been identified

in whole an imal studies, in vitro tests can focus on the mechanism  of action of the test  substance at  the target si te. 

Information from these studies can assist the Agency in making decisions about the safety of proposed food and

color additives used in food by comparing responses observed in human and animal cells and by facilitating

extrapolation from  high-dose  to low-dose responses.  

At present, in evaluating a petition for the use of a food or color additive, the Agency considers in vitro

tests to be useful in helping to identify the mechanism(s) of action of the test substance and to provide information

about subtle effects observed in vitro that may not be observed in in vivo studies
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VII G. Heritable and Somatic Genetic Toxicity

This chapter discusses FDA's interest in direct food additives and color additives used in foods that can

cause  both heritable and  somatic genetic toxicity .  While the FD A currently ne ither recom mends specific tests to

determ ine som atic and  heritable genetic toxicity, nor regulates food and co lor additives used in food on the  basis

of such activities, the Agency has an heightened interest in this area.

1. Rationale for Testing for Heritable and Somatic Genetic Toxicity

Heritable genetic toxicity  is chem ically-induced damage to the  DN A of m ale and  female germ -line cells

that is not correctly repaired, so that the damaged gene(s) can be inherited.  The consequences of this genetic

toxicity has been well docum ented, and a num ber of different genetic  diseases have  been characte rized.  Som atic

genetic toxicity is chemica lly-induced damage to the DN A of dividing and non-dividing somatic cells (i.e. non-

germ-line cells).  The consequence of somatic genetic toxicity is tha t chem icals m ay alter gene functions in

rapidly dividing somatic cells (e.g. intestinal lining and bone marrow) and in quiescent cells which may be forced

to replicate in response to a regenerative or mitogenic stim ulus (e.g. GoG1 peripheral lymphocytes).  Genetic

damage to these cells can lead to cancer and alteration of critical cellular functions (e.g. altered hormone and

receptor site functions).

2. Rationale for Selecting a Specific Test Battery

Currently the Agency recomm ends the use of a battery of genetic toxicity tests (see Chapter IV C 1 c)

for all chemicals that are direct food additives or color additives used in foods, including chemicals with structures

assigned to all three structure categories (see Chapter III B 2), as well as chemicals associated with Concern

Levels I, II, and III (see Figure 4 in Chapter III B 1).  These  tests are recommended to evaluate the genetic

toxicity of chemicals in order to identify those chemicals that may be direct acting carcinogens (see Chapter IV C

1).

Short-term tests for genetic toxicity can also be conducted to evaluate the effects of chemicals on the

genetic material of both somatic and germ-line cells, and the tests used for these purposes can overlap those used

for predicting carcinogenicity.  For example, the data obtained from the Salmonella typhimurium reverse mutation

assay is not only useful in predicting the potential carcinogenicity of test substances,1,2,3  but it is also an important

means of determining whether a chemical has the potential to damage the genetic material in both germ-line and

somatic cells.  Although FDA considers the information obtained from the test battery recomm ended in Chapter

IV C 1 to be useful in assessing a chemical's potential to cause heritable and somatic genetic toxicity, the

scientific community has not yet reached a consensus that these indicators are reasonably predictive of human

responses.

While FD A does not recommend a unique ba ttery of tests for dete rmining heritab le and somatic genetic

toxicity, the Agency recognizes that certain types of tests may be useful for this purpose.

   

Historically, gene mutations in germ line cells have been detected using in vivo tests such as the sex-

linked recessive lethal assay in Drosophila melanogaster and  rodents. 4,5,6    Unfortunately, the

standard classical assay procedures are not completely satisfactory; each of these tests has one or more of the

following limitations: 

4 standard procedures have a very low sensitivity for detecting known mutagenic chemicals, and the

assays fail to detect dose-related increases in chemical activities;

4 standard protocols have m any deficiencies (e.g. they frequently lack concurrent positive controls,

multip le test chem ical doses are rare ly used , etc.);
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4 standard  protocols for heritable genetic toxic ity cannot simultaneously measure  somatic cell toxicity in

the same animals; and

4 standard methods require large numbers of animals and are very time consuming and expensive.

Thus, two groups of tests m ay provide a sensitive method for detecting  heritable and som atic cell genetic

toxicity.  First, a battery  of tests for germ -line and somatic cell genetic toxicity  should inc lude the  same short-term

genetic toxicity tests used to predict potential carcinogenicity {e.g. Salmonella typhimurium reverse mutation

assay, in vitro ML  mutation assay and an in vivo cytogenetics assay (see Chapter IV C 1)}.  Second, a battery of

tests for germ-line and somatic cell genetic toxicity also should include the use of transgenic mice.  The Agency

recognizes that current genetic toxicity  tests using transgenic  animals do not directly demonstrate heritable genetic

toxicity effec ts; however, chemical-induced genetic toxicity  to germ  cells dem onstrates the poten tial for this to

occur.  Since research with several different experimental rodent models has been progressing rapidly, and a

variety of transgenic  rodents are now com mercially ava ilable, it may be possible in the fu ture to simultaneously

assess chem ically-induced genetic damage to germ line  cells and  to a variety  of somatic tissues.  The transgenic

test system should have several advantages over classical tests for heritable genetic toxicity:

# the investigator can easily manipulate the treatment conditions so that tissue-specific toxicological

effects can be com pared for different assay protocols;

# the test requires relatively few anim als (i.e. 2 or 3 animals per treatment group); and

# the test is relatively inexpensive and can be performed in a matter of days.

FDA  continues to encourage the scientific comm unity to develop sensitive assays for detecting germ-line

and somatic  cel l genetic toxicity. 
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